IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
DE KROON et ai 
Serial No. 10/511,344 
Filed: May 23, 2005 
For: MULTILAYER BLOWN 

April 8,2010 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

APPLICANTS' BRIEF ON APPEAL 

Sir: 

This Appeal is from the Official Action dated October 6, 2009, rejecting claims 1 , 
5 and 8-29, all of the claims presently pending herein.'' As will become evident from the 
following discussion, the Examiner's rejections are in error and, as such, reversal of the 
same is solicited. 



Conf. No.: 6496 
Atty. Ref.: 4662-254 
Group: 1796 
Examiner: HAIDER 
FILM AND PROCESS FOR PRODUCTION THEREOF 



The claims pending in this application and on appeal herein appear in the Section VIII Claims Appendix 
accompanying this Brief. 
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I. Real Party In Interest 

The real party in interest is the owner of the subject application, namely DSM IP 
Assets B.V. 
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11. Related Appeals and Interferences 



No appeals and/or interferences related to this application are pending. 
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III. Status of Claims 



A. The following claims are presently pending in this application: Claims 1 , 5 
and 8-29. 

B. The following claims are the claims on appeal and have been rejected in 
the Examiner's Official Action of October 6, 2009: Claims 1 , 5 and 8-29. 

C. The following claims have been cancelled during prosecution to date: 
Claims 2-4 and 6-7. 



D. The following claims have been allowed: None 

E. The following claims have been withdrawn: None 

F. The following claims have been objected to: None 
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IV, Status of Amendments 

No amendments subsequent to the October 6, 2009 Official Action have been 

filed. 
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V. Summary of Claimed Subject Matter^ 

The invention as defined by independent claim 1 is directed toward a process for 
producing a multilayer film (page 1 , lines 6-7) comprised of a polyamide layer (page 1 , 
line 7) and a polyolefin layer (page 1, line 7), the process comprising forming by blown- 
film processing a multilayer film containing at least a branched polyamide layer (page 1, 
lines 26-27) and a polyolefin layer directly connected to the polyamide layer or 
connected to the polyamide layer by an adhesive layer (page 4, lines 14-17), wherein 
said branched polyamide layer consists of a branched polyamide (page 3, lines 1-3), 
and said polyolefin layer consists essentially of polypropylene (page 3, lines 4-7) or 
LLDPE containing at most 5% of another polyethylene (page 3, lines 18-21). 

The invention as defined by independent claim 5 is directed toward a multilayer 
film formed by blown-film processing (page 1, lines 6-7) comprising at least a polyamide 
layer (page 1, line 7) and a polyolefin layer (page 1, line 7) directly connected to the 
polyamide layer or connected to the polyamide layer by an adhesive layer (page 4, lines 
14-17), wherein the polyamide layer consists of a branched polyamide (page 3, lines 1- 
3), and wherein the polyolefin layer consists essentially of polypropylene (page 3, lines 
4-7) or of polyethylene (page 3, lines 4-7), which polyethylene layer, other than the 
adhesive layer, if present, contain only polyethylene which is at least 95% linear low- 
density polyethylene (page 3, lines 18-21). 

The invention as defined by independent claim 26 is directed toward a process 

for producing a multilayer film (page 1, lines 6-7) comprising forming by blown-film 
processing a multilayer film comprising outer polyolefin layers and an intermediate 
polyamide layer (page 5, line 36 through page 6, line 3), wherein the outer polyolefin 
layers consist of a linear low density polyethylene (LLDPE), 0-10 wt.% of a polyethylene 
other than LLDPE, and optionally between 10 to 50 wt.% of a modified LLDPE as an 

^ The numbers in parenthesis refer to page and line numbers of the Substitute Specification filed on July 
27, 2009 which provide representative descriptive support or the claimed subject matter. 
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adhesion modifier (page 3, lines 28-36), and wherein the polyamide layer consists of a 
branched polyamide layer (page 3, lines 1-3). 

The invention as defined by independent claim 28 is directed toward a multilayer 
blown-film (page 1, lines 6-7) comprising outer polyolefin layers and an intermediate 
polyamide layer (page 5, line 36 through page 6, line 3), wherein the outer polyolefin 
layers consist of a linear low density polyethylene (LLDPE), 0-10 wt.% of a polyethylene 
other than LLDPE, and optionally between 10 to 50 wt.% of a modified LLDPE as an 
adhesion modifier (page 3, lines 28-36), and wherein the polyamide layer consists of a 
branched polyamide layer (page 3, lines 1-3). 
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VI. Grounds of Rejection to be Reviewed on Appeal 

The following rejections to be reviewed on appeal were advanced In the Official 
Action dated October 6, 2009: 

(1) "Claims 1, 5, 8, 18, 12-17, 22-25 [are] rejected under 35 
use 103(a) as being unpatentable over Joachimi et al (WO 
2000/391 92)^ in view of Hofmann (US 3,798, 115)." (Official 
Action dated October 6, 2009 at page 2, numbered 
paragraph 3.) 

(2) "Claims 1,5,9-11,19-21, 26 and 28 are rejected under 35 
use 103(a) as being unpatentable over Joachimi et al (WO 
2000/39192) in view of Ramesh (US 5,866,214)." (Official 
Action dated October 6, 2009 at page 3, numbered 
paragraph 8.) 

(3) "Claims 27 and 29 are rejected under 35 USC 103(a) as 
being unpatentable over Joachimi et al (WO 2000/39192) in 
view of Ramesh (US 5,866,214) and further in view of 
Dobreski et al (US 5,290,866)." (Official Action dated 
October 6, 2009 at page 4, numbered paragraph 10.) 



^ us 6,566,486 is employed by the Examiner as an English-language translation. 



-8- 



DE KROON et al 
Serial No. 10/511,344 

Aprils, 2010 

VII. Arguments 

1. Claims 1, 5, 8, 18, 12-17, 22-25 are patentably unobvious under 35 USC 
103(a) over Joachimi et al In view of Hofmann 

At the outset, the Examiner's attention is directed to the Supplemental 
Declaration under Rule 132 submitted by the inventors which clarifies the terminology to 
describe the processing techniques of the present invention and the multilayer film 
formed thereby. Such clarifications along with the amendments made to the 
specification by way of the Substitute Specification presented herewith present the 
claimed invention in a light that underscores the unobviousness of the same. 

In this regard, as was originally described in the specification, one problem 
attendant with blown-film processing techniques is that when attempts were previously 
made to form multilayer films having layers of polyamide and polyolefin, the throughput 
of the blown-film system must be maintained within very narrow limits rendering the 
process difficult to control. This difficulty further manifests itself in terms of relatively low 
production rate and blow-up ratios of the bubble. In order to address this problem, the 
art has added a layer of low density polyethylene (LDPE) as a means to promote bubble 
stability but such an additional layer technically complicates the process and is more 
costly. 

Surprisingly, the present applicants have discovered that higher throughputs with 
good bubble stability can be achieved for blown-film processing if a branched polyamide 

is employed instead of a linear polyamide. In particularly preferred embodiments, the 
multilayer film will be formed of outer layers which consist essentially of linear low 
density polyethylene (LLDPE) (i.e., contain at most 10 wt.% of a polyethylene other than 
LLDPE) and an intermediate layer which consists of a branched polyamide. 

The Declaration evidence of record is quite instructive as to the unobviousness of 
the present invention. In this regard, he process against which the present invention 
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should be compared is therefore one which produces a film in which a non-branched 
polvamide is used with an LLDPE layer , as is exemplified in Comparative Experiment C 
on page 6 of the present application. As the Examiner will observe, no stable bubble 
could be obtained. This means therefore that the example according to the present 
invention (with a blow-up ratio of 2.5) should be compared to the situation where no 
stable bubble could be obtained. 

As noted previously, one known solution to the problem to obtain a stable bubble 
of a film having a non-branched polyamide and an LLDPE layer is to add LORE . This 
known proposal in the art is exemplified in Comparative Example A on page 6 of the 
present application in which a PE layer consisting of 60 wt.% LLDPE, 30wt% LDPE and 
10wt.% YPAREX™ 0H040 (an MZA-modified LLDPE) together with a non-branched 
polyamide was employed. As noted, the blow-up ratio was only 2.1. 

The present invention of course is a completely novel and unobvious solution to 
lack of bubble stability of a polyamide and an LLDPE layer as compared to that known 
in the art. In this regard, the process of the present invention results In a higher blow-up 
ratio of 2.5. Such an increase in blow-up ratio is in fact technically significant. 

In this regard, attention is specifically directed to the article of Kim et al, Polymer 
Engineering and Science, 2004, vol. 44, no. 2 pages 283-302 of record herein. The Kim 
et al article is just one example wherein blow-up ratios are generally known in the art to 
be in the range from 0.5 to 3.0 as shown in Fig. 2 on page 286 and also written on page 
287, right column. There it is stated that: 

"The operating window for [the blow-up ratio] BUR was from 
0.5 to 2.5 this range is slightly narrower than the typical BUR 
of 3 discussed in the literature."f 
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Also, it will be observed fig. 2 on page 286 that the error bars for blow-up ratios 
are shown which demonstrate that a difference in blow-up ratio of 0.4 is fact absolutely 
significant. 

Another example of blow-up ratios can be found in the Kirk-Othmar Encyclopedia 
of Chemical Technology, "Film and Sheeting Materials", 3.1.1 Blown Film, of record 
herein. There it is noted that page 15 that the "tube is expanded by air to two or three 
times its diameter." From this statement it therefore follows that the blow-up ratio 
usually is between 2 and 3, and thus a difference of 0.4 is most certainly a technically 
significant advance in the art. 

Turning attention to the applied publications of record, applicants note that 
Joachimi et al indeed mentions blown film extrusion method (column 6, line 3) as a 
suitable processing technique. However, the preferred method is stated as being 
injection molding, extrusion or extrusion blow molding (column 6, lines 6 and 7). This 
does not include blown film extrusion, which is a distinctly separate technique in this art 
as evidenced by the factual Declarations of record. Thus, Joachimi does not relate to a 
process for preparing blown film and problems associated therewith, let alone that 
branched polyamide results in higher processing rates and blow-up ratio. 

Hofmann describes a three layer film, in which the outer layer is a mixture of 
high-viscosity polypropylene and low-viscosity polypropylene, an inner layer a mixture of 
polypropylene and polyamide and an outer layer of polyamide. As has been mentioned 

in the present application (page 1, lines 19 and 20) and mentioned briefly above, a 
known solution to the problem of obtaining multilayer film is to admix, particularly in the 
polyolefin, a material that improves processability in a blown film process. This known 
prior art technique is exactly what has been described in Hofmann. 

Moreover, in Hofmann it is described that the polyamide layer and the low- and 
high-viscosity polyolefin layer are separated by a third layer, which is a mixture of 
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polypropylene and polyannide. Hofmann does not describe a multilayer film containing a 
polyamide layer and a polyolefin layer directly connected to the polyamide layer or 
connected by an adhesive layer. The inner layer as described by Hofmann cannot be 
considered an adhesive layer, which is defined in the present application on page 4, 
lines 24-31 . 

Hofmann is thus merely an example of a different solution to provide multilayer 
blown-films, with the drawback that mixtures have to be made or even an extra layer 
has to be incorporated. Nowhere in Hofmann are branched polyamides described, let 
alone that branched polyamides allow for higher processing rates and blow-up ratios in 
multilayer films which contain a branched polyamide layer and a polyolefin layer directly 
connected to the polyamide layer or connected to the polyamide layer by an adhesive 
layer. 

A person ordinarily skilled in the art would therefore not obtain the presently 
claimed invention from Joachimi et al and Hofmann since Hofmann does not describe a 
multi layer film, in which a polyamide layer and a polyolefin layer are directly connected 
to the polyamide layer or connected by an adhesive layer and Joachimi does not relate 
to processes for blown film and problems associated therewith. 

Therefore reversal of the Examiner's rejection of claims 1, 5, 8, 18, 12-17, 22-25 
under 35 USC 103(a) over Joachimi et al in view of Hofmann is in order. 

2. Claims 1, 5, 9-11, 19-21, 26 and 28 are patentably unobvious under 35 USC 
103(a) over Joachimi et al in view of Ramesh 

The comments above are equally germane to the unobviousness of claims 1 , 5, 
9-11, 19-21, 26 and 28 are patentably unobvious under 35 USC 103(a) over Joachimi et 
al in view of Ramesh. 

In this regard, Ramesh discloses a multilayer blown film with various layers. In 
column 17, lines 3-17, the problem addressed by Ramesh is that prolonged heating 
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results in bubble instability. A solution to this problem is also described, namely to heat 
by infrared in order to avoid prolonged heating. When this solution is applied "..one or 
more core poiyolefin layers are no^ needed." (column 17, lines 14 and 15, emphasis 
added) Ramesh thus also points towards using extra layers of poiyolefin in order to 
obtain good bubble stability or to use a different heating method. Ramesh also does not 
disclose branched polyamides. 

A person wishing to obtain higher processing rates and blow-up ratios for a 
multilayer film containing a polyamide layer and a poiyolefin layer directly connected to 
the polyamide layer or connected by an adhesive layer would therefore not arrive at the 
presently claimed invention by consulting Ramesh, as Ramesh proposes a different, 
more complex solution. One would also not come to the presently claimed invention by 
combining Ramesh with Joachimi, as Joachimi does not relate to processes for blown 
film and problems associated therewith and Ramesh provides a different, more complex 
solution. 

Therefore reversal of the rejection of claims 1 , 5, 9-1 1 , 1 9-21 , 26 and 28 as 
obvious under 35 USC 103(a) over Joachimi et al in view of Ramesh is in order. 

3. Claims 27 and 29 are patentably unobvious under 35 USC 103(a) over 
Joachimi et al in view of Ramesh and further in view of Dobreski et al 

With respect to the rejection of claims 27 and 29 as allegedly obvious under 35 
USC 103(a) over Joachimi et al in view of Ramesh and further in view of Dobreski et al, 

the applicants note that Dobreski et al merely describes a blown film made from a blend 
comprising LLDPE (linear low density ethylene copolymer) and poly(methyl 
methacrylate). Dobreski does not relate to multilayer film, let alone to multilayer films in 
which one layer is a polyamide. As elaborated in the originally filed specification and 
discussed briefly above, layers of LLDPE in films are known for their high tear strength. 
(Please see in this regard the present application at page 1, lines 9-12.) 
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A person wishing to obtain higher processing rates and blow-up ratios for a 
multilayer film containing a polyamide layer and a polyolefin layer directly connected to 
the polyamide layer or connected by an adhesive layer, would therefore not come to the 
presently claimed invention by consulting Joachimi, Ramesh and Dobreski et al, as 
Dobreski et al does not relate to multilayer filnn, and teaches to use a blend for the 
LLDPE layer. Nowhere in Dobreski et al is polyamide layers mentioned. And, as 
discussed previously Joachimi does not relate to a process for preparing blown film and 
problems associated therewith, let alone that branched polyamide results in higher 
processing rates and blow-up ratio while Ramesh also teaches towards a different 
solution. 

Therefore to combine Dobreski et al with Joachimi and Ramesh appears to be 
based on impermissible hindsight. None of the applied publications give a reasonable 
expectation for success and none make it obvious to try to use a branched polyamide in 
order to increase processing rates and blow-up ratios for a multilayer blown film 
containing a polyamide layer and a polyolefin layer directly connected to the polyamide 
layer or connected by an adhesive layer. 

Therefore, reversal of the rejection of claims 27 and 29 under 35 USC §1 03(a) 
based on the combination of Joachimi, Ramesh and Dobreski et al is likewise in order. 
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4. Conclusion. 

For the reasons advanced, the Examiner's rejections of the pending claims 
herein under 35 USC §1 03(a) are in error and must be reversed. Such favorable action 

is solicited. 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 



By: /Bryan H. Davidson/ 

Bryan H. Davidson 
Reg. No. 30,251 

BHDidlb 

1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 
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VIII. CLAIMS APPENDIX 

1 . (Previously Presented) Process for producing a multilayer film comprised of a 
polyamide layer and a polyolefin layer, the process comprising forming by blown- 
film processing a multilayer film containing at least a branched polyamide layer 
and a polyolefin layer directly connected to the polyamide layer or connected to 
the polyamide layer by an adhesive layer, wherein said branched polyamide 
layer consists of a branched polyamide, and said polyolefin layer consists 
essentially of polypropylene or LLDPE containing at most 5% of another 
polyethylene. 

2. -4. (Cancelled) 

5. (Previously Presented) Multilayer film formed by blown-film processing 

comprising at least a polyamide layer and a polyolefin layer directly connected to 
the polyamide layer or connected to the polyamide layer by an adhesive layer, 
wherein the polyamide layer consists of a branched polyamide, and wherein the 
polyolefin layer consists essentially of polypropylene or of polyethylene, which 
polyethylene layer, other than the adhesive layer, if present, contain only 
polyethylene which is at least 95% linear low-density polyethylene. 

6 - 7. (Cancelled) 

8. (Previously Presented) Multilayer film according to claim 5, wherein the polyolefin 
layer consists essentially of linear polypropylene. 

9. (Previously Presented) Multilayer film according to claim 5, wherein the polyolefin 
layer consists essentially of linear low density polyethylene. 

10. (Previously Presented) Multilayer film according to claim 9, wherein the polyolefin 
layer includes essentially 0% of another polyethylene characterized by good 
bubble stability in a blow molding process. 
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1 1 . (Previously Presented) Multilayer film according to claim 5, wherein the polyolefin 
layer consists of linear low density polyethylene alone or in mixture with up to 
50% of modified linear low density polyethylene adhesion modifier, as the only 
polyolefin materlal(s). 

12. (Previously Presented) Multilayer film according to claim 5, having a total 
thickness in the range of from 20 to 300 jjm. 

1 3. (Previously Presented) Multilayer film according to claim 5, wherein the polyolefin 
layer has a thickness of from 10 pm to about 100 pm. 

14. (Previously Presented) Multilayer film according to claim 13, wherein the 
polyamide layer has a thickness of from 2 to 150 pm. 

15. (Previously Presented) Multilayer film according to claim 13, wherein the 
polyamide film has a thickness of at least 20% of the thickness of the polyolefin 
layer up to 100 pm. 

16. (Previously Presented) A blown film comprising the multilayer film according to 
claim 5. 

17. (Previously Presented) Blown film according to claim 16, wherein the flown film 
has a blow-up ratio of from 20 to 40%. 

1 8. (Previously Presented) Process according to claim 1 , wherein the polyolefin layer 
consists essentially of linear polypropylene. 

19. (Previously Presented) Process according to claim 1 , wherein the polyolefin layer 
consists essentially of linear low density polyethylene. 

20. (Previously Presented) Process according to claim 19, wherein the polyolefin 
layer includes essentially 0% of another polyethylene characterized by good 
bubble stability in a blow molding process. 

21 . (Previously Presented) Process according to claim 1 , wherein the polyolefin layer 
consists of linear low density polyethylene alone or in mixture with up to 50% of 
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modified linear low density polyethylene adhesion modifier, as the only polyolefin 
material(s) 

22. (Previously Presented) Process according to claim 1 , wherein the blow-molded 
multilayer film has a total thickness in the range of from 20 to 300 |jm. 

23. (Previously Presented) Process according to claim 1 , wherein the polyolefin layer 
of the blow-molded multilayer film has a thickness of from 10 |jm to about 100 
|jm. 

24. (Previously Presented) Process according to claim 23, wherein the polyamide 
layer has a thickness of from 2 to 150 pm. 

25. (Previously Presented) Process according to claim 23, wherein the polyamide 
film has a thickness of at least 20% of the thickness of the polyolefin layer up to 
100 |jm. 

26. (Previously Presented) Process for producing a multilayer film comprising 
forming by blown-film processing a multilayer film comprising outer polyolefin 
layers and an intermediate polyamide layer, wherein the outer polyolefin layers 
consist of a linear low density polyethylene (LLDPE), 0-10 wt.% of a polyethylene 
other than LLDPE, and optionally between 10 to 50 wt.% of a modified LLDPE as 
an adhesion modifier, and wherein the polyamide layer consists of a branched 
polyamide layer. 

27. (Previously Presented) Process according to claim 26, wherein the outer layers 
consist of a mixture of 90 wt.% LLDPE and 10 wt.% of modified LLDPE as an 
adhesion promoter. 

28. (Previously Presented) A multilayer blown-film comprising outer polyolefin layers 
and an intermediate polyamide layer, wherein the outer polyolefin layers consist 
of a linear low density polyethylene (LLDPE), 0-10 wt.% of a polyethylene other 
than LLDPE, and optionally between 10 to 50 wt.% of a modified LLDPE as an 



DE KROON et al 

Serial No. 10/511,344 

Aprils, 2010 



adhesion modifier, and wherein the polyamide layer consists of a branched 
polyamide layer. 



29. (Previously Presented) A multi-layer blown film according to claim 28, wherein 
the outer layers consist of a mixture of 90 wt.% LLDPE and 10 wt.% of modified 
LLDPE as an adhesion promoter. 
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IX. EVIDENCE APPENDIX 



Appeal 
Brief 

Exhibit Evidence Title 



"Declaration Under Rule 132" of Ted 
BRINK 



"Supplemental Declaration Under 
Rule 132" of Jan DE KROON, Ted 
BRINK and Atze Jan NIJENHUIS 

Kim et al. Polymer Engineering and 
Science, 2004, vol. 44, no. 2 pages 
283-302 



Record Entrv'^ 

Submitted and entered into the 
record with "Response After Final 
Rejection" dated March 21, 2008 

Submitted and entered into the 
record with "Amendment VI" dated 
July 27, 2009 

Submitted as Exhibit A to and 
entered into the record with 
"Amendment" dated December 29, 
2008 



Kirk-Othmar Encyclopedia of 
Chemical Technology, "Film and 
Sheeting Materials", 3.1.1 Blown 
Film 



Submitted as Exhibit B to and 
entered into the record with 
"Amendment" dated December 29, 
2008 



"* The date of record entry noted herein is intended to be the statement of record entry required by 37 

CFR§ 141.37(c)(1)(ix). 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



in re Patent Application of 

DEKROON etal Atty. Ref.: 4662-254 

Serial No. 10/511,344 Group: 1711 

Filed: May 23, 2005 Examiner: Haider 

For: MULTILAYER BLOWN FILM AND PROCESS FO PRODUCTION THEREOF 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

DECLARATION UNDER RULE 132 

Sir: 

Pursuant to 37 CFR §1.132, the undersigned, Ted BRINK, hereby declares and 
states that: 

1 . I am presently and for all times relevant to the facts stated herein have 

been employed by DSM N.V. at its facility in Geleen, The Netherlands. 

2. I am a named inventor of, and am thereby familiar with, the invention 
disclosed and claimed in U.S. Patent Application Serial No. 10/511,344 
filed on May 23, 2005, entitled "MULTILAYER BLOWN FILM AND 
PROCESS FOR PRODUCTION THEREOF" (hereinafter "the '344 
application"). 

3. I am therefore familiar with the experimental evidence presented originally 
in the '344 application, particularly Examples i through III and Comparative 
Experiments A and B as reported on pages 6 and 7 of the '344 
application. As to such experimental evidence, 1 offer the following 



;^;exhibit^ 
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DEKROONetal 
Serial No. 10/511,344 

additional comments and observations based on my personal experiences 
when such experimental evidence was created; 

Comparative Experiment A and Example 1 

The bubble stability in Example I where the polyamide (PA) layer is the 
branched polyamide-6 (PA6) has a better bubble stability than 
Comparative Experiment A where the inner layer is the standard linear 
(non-branched) PA6. The bubble stability was determined visually by 
observing the degree of vibrations of the film. My observations were that 
the blow moulded multilayer ftlm of Example 1 cleariy exhibited significantly 
higher bubble stability with a lower degree of vibration during blow- 
moulding as compared to Comparative Experiment A. 

Comparative Experiment B 

In this comparative experiment, the process of Comparative Experiment A 
was repeated, except that 30 wt.% LDPE In the outer layer of RE mixture 
was replaced with LLDPE so that the PE layer was fomried of a mixture of 
90 wt.% LLDPE and 10wt.% Yparex 0H040. It was clear from visual 
inspection that such a change had a strong influence on the bubble 
stability. Specifically, replacing 30wt% LDPE with LLDPE so that the PE 
layer had 90 wt% LLDPE (instead of 60wt% LLDPE) made it impossible to 
control the blow-moulding process in such a way as to obtain a bubble 
with sufficient stability. It was observed in this regard that strong bubble 
vibrations occurred when the multilayer film of Comparative Experiment B 
was blow-moulded resulting in frequent bubble collapse. 
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Exampte 11 and HI 

This experimental evidence was obtained under the same conditions as 
Comparative Experiment B, except the linear PAS was replaced with the 
branched PA6 employed In Example I. When blow-moulded, the bubble 
remained stable. The good stability of the bubble was also confirmed by 
the fact that it was possible to increase tiie blow-up ratio from 2.1 to 2.5. 

4. I declare further that al! statements made herein of my own knowledge are 
true and that ail statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 



Respectfully Submitted, 




Date Signed 



Ted BRINK 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFiCE 



In re Patent Application, of 

DE KROON et al 

Serial No. 10/511,344 

Filed: Wiay23,2005 

For: MULTILAYER BLOWN FILM 



Afty. Ref.: 4662-254 
Group: 1711 
Examiner: Haider 
AND PROCESS FO PRODUCTION THEREOF 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

SUPPLEMENTAL DECLARATION UNDER RULE 132 

Sir: 

Pursuant to 37 CFR §1 .132, the undersigned, Jan DE KROON, Ted BRINK, and 
Atze Jan NIJENHUIS hereby declare and state that: 

1 . We are named co-Inventors of the Invention disclosed and claimed in U,S. 
Patent Application Serial No. 10/511,344 filed on May 23, 2005, entitled 
"MULTILAYER BLOWN FILM AND PROCESS FOR PRODUCTION 
THEREOF (hereinafter "the '344 application"), and for all times relevant to 
the facts stated herein have been employed by DSM N.V. at its facility in 
Geieen, The Netherlands. 

2. It was just recently brought to our attention that certain terminoiogy tliat 
was used to describe the invention in the '344 application was not entirely 
accurate and has therefore led to some confusion mth respect to the 
subject matter being claimed therein. 

3. SpecifiGally, it was just brought to our attention that the term "biow- 
molding" was employed in the '344 application to describe the general 
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melt-processing technique of ttie present invention. The use of "blow- 
molding" to describe the invention of the '344 application was an 
unfortunate choice of terminology since it connotes that a mold (and 
hence a mold cavity) is employed to form a hollow struGture. No such 
moid is in fact employed by the invention of the "344 application as it is 
related to a "blown-film process". 

4. It has now been fully realized that a "blow-molding" technique is known in 
the art as one in which a molten tube of resin (called a "parison") is 
extruded from a circular die into an open mold. The mold is thereafter 
closed around the parison and air under pressure is fed through the die 
into the parison v/hich expands the resin tube so as to fill the mold. The 
expanded tube is then allowed to cool inside the mold so that, upon 
opening of the mold, a hollow three-dimensional shaped part Is obtained.^ 

5, tn a "blown film process", a tubular die is employed through which a tube 
of resin film is extruded in a tower having a collapsing frame at the top. 
The collapsing frame collapses the extruded film tube so that the tube 
diameter can be expanded by the introduction of air through the die. The 
expanded diameter film tube, termed a film "bubble" is cooled In a cooling 
zone between the extrusion die and ttie collapsing frame. The collapsed 
film is typically subjected to slitting and winding operations downstream of 
the collapsing frame.^ A description of one conventional "blown film 
process" is found in US Patent No. 4,101,614, attached hereto as Exhibit 
3. 



See in this regard, the attached Exhibit 1 from Kirk-Othmer Encyclopedia of Chemical Technology, 
1981, vol. 0, pages 11-12 and 31. 

See in this regard, the attached Exhibit 2 from Kirk-Othmer Encyclopedia of Chemical Technology, 
1981 , vol. 0, pages 6 and 26. 
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6. That the intent of the '344 application to describe a "blown film process" is 
apparent in the Examples thereof. Specifically, at page 6, line 8 under 
"Comparative Experiment A and Example 1", we note that: 

"...a Bandera blown film line [was used] equipped 
with 3 extruders each having an annular die 100 mm 
in diameter [to form] a film bubble. .. 

7. Bandera systems are well known to form blown film as evidenced by the 
following articles: 

htt0://www.luiqibandera.it/pdf/1 173716444 news 0307 ENG.pdf 
ht.tp://www.film.luicfibanclera.cQm/prQduGt/in:Clexprod.asD 

8. As is evident from the discussion above, therefore, a mold with Its 
attendant mold cavity is not employed in the practice of the invention of 
the '344 application. Instead, a blown-film process is employed wherein 
the resulting product is a multilayer film, not a hollow three-dimensional 

shaped part. 

9. We now fully realize that the term "blow moulding" as used In the '344 
application occurred by Inadvertent error which was the result of our not 
fully comprehending art recognized meaning of such term. Instead, it was 
our intent to describe an invention wherein a film is produced by blowing 

. up an extruded film tube, cooling the extruded film tube and then 
collapsing the same. That is, it is now realized that we should have more 
accurately used the term "blown film" to describe the process of the '344 
application. 
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10. The inadvertent use of the inaccurate terminology as discussed above 
was most recently employed in the "Declaration Under Rule 132" which 
was executed by the undersigned, Ted Brink, and was filed in the "344 
application with the "Response After Final Rejection" on March 21, 2008. 
At that time, the term "blow-molding" was in fact intended to refer to 
"blown film processing" for the reasons noted above. In order to ensure 
clarity in the record, the facts stated in such prior Declaration are restated 
below with the exception being that accurate terminology has been 
employed: 



Comparative Experiment A and Example I 

The bubble stability in Example I where the polyamide (PA) 
layer is the branched polyamide-6 (PA6) has a better bubble 
stability than Comparative Experiment A where the inner layer is 
the standard linear (non-branched) PA6. The bubble stability 
was determined visually by observing the degree of vibrations of 
the film. My observations were that the multilayer film of 
Example I clearly exhibited significantly higher bubble stability 
with a lower degree of vibration during blown film processing as 
compared to Comparative Experiment A. 

Comparative Experiment B 

In this comparative experiment, the process of Comparative 
Experiment A was repeated, except that 30 wt.% LDPE in the 
outer layer of PE mixture was replaced with LLDPE so that the 
PE layer was formed of a mixture of 90 wt.% LLDPE and 
10wt.% Yparex OH040, It was clear from visual inspection that 
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such a change had a strong influence on the bubble stability. 
Specifically, replacing 30wt% LDPE with LLDPE so that the PE 
layer had 90 wt7o LLDPE (instead of 60wt% LLDPE) made it 
impossible to control the blown film process in such a way as to 
obtain a bubble with sufficient stability. It was observed tn this 
regard that strong bubble vibrations occurred when the 
multilayer film of Comparative Experiment 8 was formed by 
blown film processing resulting in frequent bubble collapse, 

Example II and Hi 

This experimental evidence was obtained under the same 
conditions as Comparative Experiment B, except the linear PA6 
was replaced with the branched PA6 employed in Example t. 
When formed by blown film processing, the bubble remained 
stable. The good stability of the bubble was also confirmed by 
the fact that it was possible to increase the blow-up ratio from 
2.1 to 2. 5. 

11, We declare further that all statements made herein of our own knowledge 
are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
l^nowledge that wiilful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such wififul false statements may 
jeopardize the validity of the application or any patent issuing thereon, 
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(41,59,60). It IS most frequently used with polyethylene, high impact polystyrene, 
polypropylene, and several engineering resins. Some modifications to the resin' 
machine, and moid are required, and a blowing agent must be added to the resin! 
A chemical blowing agent, which releases gas when heated, is commonly used 
The choice of blowing agents depends on the processing temperature required. 
The most common blowing agent is azodicarbonamide (l,l'-azobisformamide) 
used at 200-260°C. Upon decomposition, it releases nitrogen, carbon monoxide 
and carbon dioxide (qv). Approximately 0.5 wt % of a blowing agent is normally 
added to the resin pellet as a surface coating or as a pelletized concentrate. 
Instead of a chemical blowing agent, nitrogen may be mixed with the melt 
while it is under pressure in an extruder and the mixture maintained under 
pressure until it is injected into the mold. 

The injection molding machine must be equipped with a shutoff nozzle that 
mamtams the melt under pressure while the mold is opened. The screw is 
retracted only part of the way needed for a full shot, and a short shot is injected 
mto the mold. Without a blowing agent, only a section of a part, ie, a short shot, 
would be made; the empty space allows the blowing agent to expand the melt,' 
forming the foam structure. Structural foam molding is limited to parts with 
wall thicknesses of at least 6 mm; below that thickness, reduction in part weight 
is usually insignificant, Parts, typically, have a dense skin and a foamed interior 
with various pore sizes. Compared to injection m^olded surfaces, the surfaces of 
structural-foam moldings are poor, and are characterized by a rough, swirly fin- 
ish. Maximum pressure in the mold during foaming is much lower than in injec- 
tion molding; also, no packing pressure needs to be maintained since the gas 
keeps the melt front moving. Surface appearance is improved by special techni- 
ques, 

Because of low injection pressure, some cost savings are possible in mold 
and press construction. Molding cycles are somewhat longer than for injection 
molding. The part must be cooled in the mold long enough to be able to resist 
swelhng from internal gas pressure. In structural foam parts there is almost a 
total absence of sink marks, even in the case of unequal section thickness. Struc- 
tural foam has replaced wood, concrete, solid plastics, and metals in a variety of 
applications. 

Blow Molding. Blow molding is the most common process for making hol- 
low thermoplastic components (61-63). In extrusion blow molding a molten tube 
of resin called a parison is extruded from a die into an open mold (Fig, 15a). In 
Figure 15b the mold is closed around the parison, and the bottom of the parison 
IS pinched together by the mold. Air under pressure is fed through the die into 
the parison, which expands to fill the mold. The part is cooled as it is held under 
internal air pressure. Figure 15c shows the open mold with the part falling free. 

As the parison is extruded, the melt is free to swell and sag. The process 
requires a viscous resin with consistent sweU and sag melt properties. For a 
large container the machine is usually equipped with a cylinder and a piston 
called an accumulator. The accumulator is fiUed with melt from the extruder 
and emptied at a much faster rate to form a large parison; this minimizes the 
sag of the molten tube. 

With a simple parison, the large-diameter sections of the bottle have a thin 
waU and the small-diameter sections have a thick wall. Certain modifications of 
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the die can control the thickness of the parison wall along its length which 
results m a bottle with improved wall thickness distribution and better strength 
Ihe most common blow molding resin is HDPE used to produce containers ran- 
ging m size from 30 cm^ to 200 L. 

In injection blow molding, a parison is injection molded onto a core pin- the 
parison is then rapidly transferred via the core pin to a blow mold, where it is 
blown by au- into an article. This process is applied to small and intricate bottles 
_ _ Soft-drmk bottles made from PET are usually made by stretch-blow mold- 
ing m a two-step process. First, a test-tube-shaped preform is molded, which is 
then reheated to just above its glass-transition temperature, stretched, and 
blown. Stretchmg the PET produces biaxial orientation, which improves trans- 
parency, strength, and toughness of the bottle. A one-step process is used for 
many custom containers that are iiyection stretch-blow molded 

Development-trends in blow molding focus on the optimization of the vis- 
coelastic properties and improvement in thermal stability of polymers other than 
HDPE to develop new extrusion-injection blow molding grades; fabrication of 
small containers by multilayer blow molding for improved barrier properties to 
water, oxygen or hydrocarbons; prediction through software packages of wall 
thickness for parisons and final parts to minimize materials usage 

4 2. Rotational Molding. Hollow articles and large, complex shapes are 
made by ™tational moldmg, usually from polyethylene powder of relatively low 
viscosity (64-66). The resin is in the form of a fine powder. A measured quantity 
IS placed mside an aluminum mold and the mold is heated in an oven and rotated 
at ow speed. The resin sinters and fuses, coating the inside of the mold. The 
mold IS then cooled by water spray and the part solidifies, dupUcating the inside 
or the mold. 

_ A rotomolding machine has three long arms extending from a central driv- 
ing mechanism; each arm rotates several molds in two planes. The arms are 
moved from one process station to the next, ie, from unloading and loading to 
heatmg and cooling. Tooling costs are low. The molds are usually made of cast 
aluminum, but sheet metal is also used. The melt is forced without pressure 
against the mold surface during heating or cooling, resulting in uniform wall 
thickness, zero orientation, and high physical properties. Cycle times are long 
because of the heating and coohng required; they depend on wall thickness 
and can be as high as 15 min for a 4-mm wall thickness. Common rotomolded 
products mclude large tanks and boxes, drums, furniture, and toys The PVC 
plastisol, a mixture of fine PVC particles and a plasticizer, mav also be processed 
by rotomolding. Plastisols are hquid at room temperature and are converted to 
soft sohds when heated to ca 180G. PlaybaUs and toys are made from plastisols 
Among recent trends and developments in rotomoidmg are the use of micro- 
processors and temperature sensors for quality assurance, the refinement of 
methods to produce multiwalled solid or foamed structures all coupled with 
the continuing availabiUty of new resm grades with suitable viscosities and 
high thermx, oxidative stability over the prolonged periods of time in the oven 

4.3. Expandable Polystyrene Molding. Molding expandable polystyr- 
ene gives foamed products such as insulation board shapes for packaguig and 
disposable food and cup containers. Such processes are also called bead or 
steam moldmg (67,68). Expandable polystyrene moldings are manufactured 
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Fig. 16. A four-roll, inverted "L" calender. 
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3 5. Blown Film. The blown film process (Fig. 6) uses a tubular die from 
which the extrudate expands m diameter while traveling upward to a film tower 
The top of the tower has a collapsing frame followed by s^ide and pull rolls to 
transport the collapsed film to subsequent slitting and wmdup rolls. The tubular 
fT J' ^"^j^^^flf ^d;,o the desired diameter by air passing through the 
center of the die. Although primary coolmg to solidify the melt is supplied by an 
external air ring, chilled air may also be used internally. Polyethylene is the pri- 
mary plastic used in most fihns, especially for packaging and trash bags. Coaxial 
dies can be used for manufacture of coextruded multilayer films 

The tube is characterized by its blow-up ratio, ie, a larger diameter than the 
die opening, which is expressed as the ratio of bubble diameter to the die dia- 
meter, T^ical blow-up ratios range from 2:1 to 4:1. The final film thickness is 
much thinner than the die gap. Die gaps are slits of ^0.65 mm. Typical film 
thicknesses a^e 0.007-0.125 mm. The process requires a high melt viscosity 
resm so that the melt can be pulled from the die in an upward direction. Since 
only air is used for cooling, removal of heat tends to be slow and rate limiting 
Chilled air can also be used internally to improve the efficiency of the air cooling 
process. The film may be treated for subsequent printing, and it can be sht into 
various widths and wound onto separate cores. 

3 6. Cast Film. The cast film process provides a film with gloss and spar- 
kle and can be used with various resins. Figure 7 is an iUustration of the essen- 
tial features of the extrusion equipment. The die opening is a long straight slit 
with an adjustable gap ^0.4 mm wide. The die is positioned carefully with 
respect to the casting roll. The casting or chill roll is highly polished and plated 
and imparts a smooth and virtually flawless surface to the film. The roll is cooled 
by rapid circulation of water. Temperature control is critical. A die somewhat 
longer than the width of the film is needed, because the molten web becomes nar- 
row as it IS drawn from the die; this is caEed neck-in. Edges of the film thicken 
and are mechanically removed before the film is wound on a roU. The edge trim 
can be reprocessed. 

One of the requirements of this process is that the melt maintain good con- 
tact with the chill roll, 18, air must not pass between the film and the roll Other- 
wise, air insulates tte plastic and causes it to cool at a rate different from the rest 
of the p astic and this spoils the appearances of an otherwise satisfactory product. 
Ihe melt should not emit volatiles,, which cr.ndense on the chill roll, reduce heat 
transier, and mar the film's appearance. The cast film process aUows the use of a 
higher melt temperature than is characteristic of the blown film process The 
higher temperature imparts better optical properties. 

Film stretching is a process to impart biaxial orientation in the fiim by 
stretching it m two directions simultaneously, the transverse and machine direc- 
tions respectively The process is carried out in a device that grips the edges of 
the film and extends them to larger widths as the film moves from the inlet to the 
exit roUer. The objective is to increase the modulus and strength of the fihn uni- 
formly along the entire film plane. Both PP and PET have been used successfully 
m this process (37). ^ 
. ."l"^' '^^^ process used to make an extruded plastic sheet is illu- 

strated m Figure 8. Sheeting thicknesses are 0.25-5 mm and widths are as 
great as 3 m. Heavier gauge sheets are usually cut to a specified length and 





C K T for pipe and tubing extrusion: A, molten tube from die; B, 

1^ W, « f^t r*^^o'^'^■ °' "^"^"S ^' «rculated and temperature con^ 

SL^^ (2oT ' ^''^^ ^' H, inside of pipe open to atmospheric pres- 
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P7I ABSTKACT 
A blown film process wherein: the temperature of the 
fllm IS continually monitored in a select control or tar- 
get area that is remote from the fihn frost line; a control 
of tMget temperature" is determined based empirically 
or otherwise on a given set of companion operatmg 
conditions; and a variable film cooling source or snpply 
IS regulated to establish the control temperature ai an 
MsenWly constant or non-variable operatmg condi- 
w°°; ^^.P™^." eharaoterized by an essentially sta- 
ble frost hne position and to the extent movement of the 
frost hne can be optically or otherwise observed or 
.sensed, and an appropriate signal derived therefrom, the 
process can be alternately practiced based on monitor- 
ing the position of the frost hne, defmmg a control or 
target frost Hne position, and regulating a flhn cool- 
ing source responsive to deviances o 
the control position. 

2 aaims, 1 Drawing Figure 
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1 2 
BLOWN FILM PROCESS f^^^ *° ^^^^'^^ '=y='''= operating conditions 

FELD OF THE INVENTION . NUMMARY OF THE INVENTION 



Tl,. w«,„- , Briefly these and Other objectives of the in 



" P««=ess wnerem a control conditions. A variable cooline source k r«inl,t-rf 

^ 25 or predicting systems in the past 

BACKGROUND OF THE INVENTION DETAILED DESCRIFnON OF raE 

The ultimate properties and quality of blown film can INVENTION 

be adversely affected particularly by ovclic variations in Th. „„„ • . . .„ 

operatingconditions.andbyless'thLperfect"egS 30 prl^^Z'Z.Tr^JT^'^ """"T 

and consistency as regards the extruded resin. For ex- pref^ld eXdW nf ""^ ^1'^^'^'^ " 

ample the temperature of the extrusion apparatus tends S ' '^^^ 

to have inherent oyciic character. Also cyclic condi- Referring partioularlv to the drawing » film ft,r™i..„ 

tions occur ,n conventional film cooling systems, resin is tatKriwed iZ a h«.tpS.^ fs^^^^ 

requue a filtering system that will gradually clog with wav of 7 rn^n J^n T ™ = ™ head 14 by 

impurities, thus inducing a variable effect, p^rticK a ^1 fr^fZUZ r T***"' if' 

fS^^Tfefe^ir^' " '^""^^ tS"-So%lr°7tt^^:t^eS°^'S 

filter. The resm itself may not be entirely cons stant in 40 sbmit n tmnn^H h„h.hu tu.t i- °"='^"f" arawn 
.^Utv.such as it. melt hide, value andUtempe..^ " ^ by^i^Sir l^^L^^^rat^^^^^^^^^^ 

Se?fSSefh,r£^^^ « L"^e^ot:Tor/,n^^^ 

of the gauge proffle of the flhn. The g£uge proflle can tyDioa^r"iur,ir^l. 'nik ^ . ° 

and systems, which give the operator some mdioalion advance the tubing from he die The need of the drive 



gat the appropriate control corrections can be m';ie; 50 7^;^yr^MZ;:^l Zr .::i^^^ 
However, when conditions go awry causing wrinkles to trolling factors, wiU determine thrpirnZf»r..;rifi • 
appear, there have not been good devices to predict this of tute ^6 wh^^Tfe dtl^IT. f 
approachmg condition, and to give the opLator ade- or 2ssS y &e iT2';S^tire) 

quale waimng o make appropriate corrections. The area of stretchiTL^^nSlv^twfen 

Thus even with close attention by a skilled operator, 55 die head and the fflm frosUk^ s^wnS 28 Ibove tt 
c^. ^odu^^f ""T' ^ film has advantied to a soUdffied orl^! 

ceilmg production rates. Even when operating within a solidified condition. uursemi 
^^f^"!"^^ ^°"ff^^^ manageable by a skilled The mvention particularly concerns a temperature 
f^'^J^'^'y =™ be less than desired and sensing device 30 toit is focused to r^a^dS^S^^ 
ess than specification tolerances, due to imprecise and 60 monitor the temperature of the mriH conJfol nr 
".SnS°'°'"'=^*"^''°^"— f^et-at^i-nderneath":^^^^ 

t^i^^iirti^^^-^— ^^^^^ ^s^^^^^^^^i^ 

^^.Z r^ ^ fflm process which is presumably because of film crystallization Ss near 

tt^^^^T'"'^'^'''''' --f'ta''"*'- « the frost line which tend to ca^e a stable tfpe™ 

cess provided a sufficient automatic comiter-bahmcmg hereof is designed to correct automaticdiy A good 
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predictive control area, however, will exist at an area 
remote from and spaced sufficiently downwardly from 
the frost line so as to be less influenced (or non- 
influenced) by crystallization effects occurring at and in 
the near vicinity of the frost line. 

The signal produced by the temperature sensing de- 
vice, or the output of this device, is fed to a controller 
or controlling means 32 through an electrical lead or 
connection 34, and also to a temperature reading or 
recording instrument 36, through an electrical lead or 
connection 38, The temperature reading instrument 
converts the signal to a dial reading, thus pennittmg the 
temperature in the control area to be determined nu- 
merically at any given time in the operation. 

The output of the controller, is suited to operate an 
air motor or valve positioner device 40, through a pneu- 
matic line connection 42 therewith. The valve posi- 
tioner is connected by a suitable linkage assembly 44 to 
operate and position a butterfly type valve 46. The 
butterfly valve is inset in a cooling air or gas line 48 
which delivers air from a blower or compressor unit 50, 
to a cooling ring 52 that is disposed about the lower 
extreme or tube 18, just above die head 14. 

The system depends on the selection or determination 
of a control or target temperature for the control area. 
This is most expediently determined empirically, by 
arriving at a given set of operating conditions that 
duce ontimiim niinlitT; film ITnon 



lymerizing agents such as propylene, acrylic acid, ethyl 
aorylate, etc.; polypropylene and known copolymers 
thereof, film forming polyesters, polystyrene and 
known copolymers thereof, vinyls such as polyvinyl 
chloride; saran; film forming polyamides and the like. 

The monitoring de\'ices applicable for use in the in- 
vention would be heat sensing devices such as a suitable 
optical pyrometer or radiation thermometer, and ther- 
mal-couples or thermistors such as of the feather sensor 
type, applicable for delicate web materials. When the 
control IS based on a controlled frost line position, a 
haze meter can be employed to read the position of the 
frost line, and to produce or generate a signal upon 
15 which to base or regulate the film cooling source. 

The controller is preferably of the type adapted to 
compare the input signal from the monitoring device 
with a control signal, and provide an output signal that 
■s generally proportional with the deviance, if any, of 
20 the input signal from the control signal. 

The positioning device can be electrically or pneu- 
matically driven, dependmg on the input signal, space 
avaUable for same, valve type, and so forth. The butter- 
fly valve shown may be replaced by numerous other 
regulating valve types, or other devices adapted to 
regulate the flow (or conceivably temperature) of the 
coolmg gas or air supplied to the cooling ring. The 



arnvmg at a given set ot operatmg condiUons that pro- 
duce optimum quality film. Upon determining a set of , " " -"yi-"-" t;uuiuig r. 

such conditions, the temperature in the control area is "'"wer can supply refrigerated or ambient gas „, 

read and established as the control temperature. The 30 ^""''^ ^""nci most optimum or necessary for any 
dial reading while not essential in running the controls, f'^™ process and resins. The oooHng ring is 
permits the operator to observe and record, if desired, necessarily in an area where it can influence the temper- 
the temperature in the control area. The controller is set '^^^^ °^ ffln» >" the monitored area, or the height of 
to continually compare the signal received from the ^^ost Ime, as applies. Most preferably the air ring is 
sensing device, with the control temperature, or equiva- 3.5 Positioned generally in the ansa shown by the drawme 
lently a pre-determined control signal. If the signal Und er.itandably, other cooling devices can be substi' 
would mdicate the temperature in the monitored area is tuted for the cooling ring shown, or employed toeether 
nsmg, the controller notes the difference, and directs therewith (,.e„ of the various types known to the art 
^u«e,?^rvr"in"'' P'^°P°"'?"?,'='y "ter^ally positioned coding devTces ' 
rini l SfT' """T'"^ ^""^ '° =°°^'"S 40 Certain of the known blown film , oce e mcl d 
rmg S2, to bnng the temperature m the control area operating modes that mav n^r^^^itJ ; "icmae 
downwardly to the control temperature. Alternately a tiL Weof^n orHfrl^n , "'f ' ' u^' ">odmca- 
temp^ature drop is responded'to by regulating the ^occT^ 1°^^^^^^^ ' 
butterfly va ve to decrease the flow or outnut of cooliim L » i e^^aniple, a revolvmg die head, or a revolv- 
ring S2.Vecessariiy the nu^ poX °St1he S 45 Xt^ZTT^e'lk^tTT' T ^"r"""" 
tion the valve assumes when reading a stable tempera- blown fflm.,!„ / "f^™"™^ employed m the 
r^i^t u., .1.. *^ Olown fihn process for certain resms and to produce 



.iwii Yoivc aaoiimcs waeu reaamg a staDje tempera- 
ture condition, is at a point between the extreme open 
and extreme closed positions of the butterfly valve. 

TChe invention may also be practiced utilizing the 
height or position of the frost line as the control indica- S( 
tor. The monitoring device would be modified to opti- 
cally or otherwise read the frost line height and produce 
signals indicating deviances therefrom. The control 
frost line position can be determined as before, that is, 
by operating empirically to defme a given set of condi- 55 
tions under which quality film is produced, and defining 
the control position as that at which the frost Hne re- 
sides under such conditions. The signal provided by the 
monitoring device would be fed to the controller, and 
compared with a control signal, and corrective action 60 
taken, as required, to regulate air Ime 48, to thereby 
niaiuiain or stabilize the control position. 

The control process taught herem is applicable 
broadly to the production of plastic fihn, from film 
forming synthetic resin materials, based on the blown 65 
fihn process(s). Representative examples of fihns typi- 
cally produced by this process are: polyethylene and 
known copolymers of ethylene and various other copo- 



jux ucrtaiE resins and to produ 

certain end products. The process described above can 
and has been applied to a revolving blown film process, 
^ u> a like, control procedure as that described above, 
essentially without modification. However, under cer- 
tain conditions, it may be desirable to read or monitor 
several control areas about a revolving tube, and/or to 
employ an integrator to average the temperature in the 
monitored area(s), and/or to regulate a cooling change 
only at specific intervals, such as after each complete 
revolution of the fihn, as may be found desirable or 
advantageous m any specific film line. 

In addition to controUmg the fUm properties or quali- 
ties explicitly mentioned above, the control temperature 
and/or control frost Une position can also be deter- 
mmed to beneficially affect the more consistent attain- 
ment of fihn qualities such as relates to the properties of 
tear and impact strength, and fihn shrinkage character- 
istics. The control temperature or control frost Ime 
height, as appUes, would thus be determmed in regard 
to such properties, empirically or othenvise, to attain 
more consistent achievement thereof. 



4,101,614 



EXAMPLE I 
The invention as described is applied to a polyetliyl- 
ene "revolviflg tube type" blown film process having a 
20 moh diameter die head. An "IRCON MODLINE", 5 
non-contacting optica] pyrometer or radiation ther- 
mometer, "Instrument Series 3400," is used as the in- 
strument to sense and monitor the temperature of the 
film. A control area is defined that is at least about 3 
inches below the frost line, and most optimally is about 10 
9 inches below the frost line and at least about 6 inches 
above the die head. A control temperature of about 240° 
F IS established. An "IRCON" proportional controUer 
IS employed, Instrument Series 3400, that receives con- 
tinually the eieotrical output of the optical pyrometer 15 
and converts the same proportionally into a pneumatic 
output that controls an air piston motor having an mte 
gral butterfly valve. The latter unit or assembly is avail- 
able under the trade designation "Valteck Vector Onf 
Butterfly Valve." An approximately 1500 CFM capac- 
ity blower unit is employed, and is operated at full ca- 
IMoity, subject to regulation only by tlie controlled 
position of the butterfly valve, The followmg Table 1 
summarizes the results t»mparativeiy between contro! 
and no control situations, wherem: "Maidmum Rate' 
refers to the maximum achievable rate possible, but not 
practical for commercial runs; and "Maximum Good 
Production" is the maximum rate at which "good" fihn 
is produced based on the qualities of acceptable fihn 
flatness and uniformity of gauge profile. The latter fig- 30 
ures ate given m lbs/hour and also 1000 lbs/month. The 
monthly figure reflects "down tune" and other inter- 
ruptions m the process, 

TABLE I 



hon line, employmg 30 inch diameter die, the process 
bemg also of the revolving tube type. The control pro- 
cess and the apparatus for accomplislung the same, is 
essentially the same as described supra. The control 
temperature and control area is near the same as with 
Example I. Significantly increased production capacity, 
as compared with the "no control situation", is alH> 
demonstrated in this test, with the results being tabu- 
lated below. 

TABLE II 

Description ' " No ConmT f^~7~i ' 



mjw, oooa rroQ." 
Lbi/Hr, 

Max. Good Prod.. 
M Lba./Mo. 



Description 



Max. Elate. 



EXAMPLE II 
Tlie control process hereof is also tested in a still 
hi^er volume, polyethylene blown process or produc- ^ 



What is olauned is: 

1. In a blown fdm process wherem film is produced 
through extruding a continuous molten tube of a film 
forming heat plastified synthetic resinous material 
stretchmg or drawing the tube about a trapped air or 
gas bubble, and sunultaneousiy cooling the tube, the 
Steps comprising; monitoring the temperature of the 
film m a controlled area that is positioned between the 
frost hne and extrusion die head, the control area being 
remote from and spaced sufficiently downwardly fhjm 
the frost line so as to be less influenced by crystalliza- 
tion effects, cooling the fUm about its circumference 
between the control area and extrusion die head, setting 
a control temperature for the control aiea, comparing 
the monitored temperature with the control tempera- 
ture, mcreasmg or decreasing the rate of said cooUng 
step responsive to the conditions of upward or down- 
ward drift, respectively, of the monitored temperature 
from the control temperature, whereby the process is 
characterized by an essentially constant temperature in 
the control area irrespective of cyclic variations in the 
operating parameters of the process. 

2. The process of claun 1 wherein said cooling step 
comprises the step of varymg the rate of gas How in an 
air ring positioned between the control area and extra- 
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Serial No. 10/511,344 

Filed: May 23, 2005 

For: MULTILAYER BLOWN FILM 



Atty. Ref.: 4662-254 
Group; 1711 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

SUPPLEMENTAL DECLARATION UNDER RULE 132 

Sir: 

Pursuant to 37 CFR §1.1 32, tlie undersigned, Jan DE KROON, Ted BRINK, and 
Atze Jan NIJENHUIS hereby declare and state ttiat: 

1 . We are named co-inventors of the invention disclosed and claimed in U.S. 
Patent Application Serial No. 10/511,344 filed on May 23, 2005, entitled 
"MULTILAYER BLOWN FILM AND PROCESS FOR PRODUCTION 
THEREOF" (hereinafter "the '344 application"), and for all times relevant to 
the facts stated herein have been emf:^oyed by DSM N.V. at its facility in 
Geleen, The Netherlands. 

2. It was just recently brought to our attention that certain terminology that 
was used to describe the invention in the '344 application was not entirely 
accurate and has therefore led to some confusion with respect to the 
subject matter being claimed therein. 

3. Specificaily, it was just brought to our attention that the term "blow- 
molding" was employed in the '344 application to describe the general 
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melt-processing technique of tfie present invention, Ttie use of "biow- 
molding" to describe the invention of the '344 application was an 
unfortunate choice of terminology since it connotes that a moid (and 
hence a mold cavity) is employed to form a hollow structure. No such 
mold is in fact employed by the invention of the '344 application as il is 
related to a "blown-film process". 

It has now been fully realized that a "blow-molding" technique is known in 
the art as one in which a molten tube of resin (called a "parison") is 
extruded from a circular die into an open mold. The mold is thereafter 
closed around the parison and air under pressure is fed through the die 
into the parison which expands the resin tube so as to fill the mold. The 
expanded tube is then allowed to cool inside the mold so that, upon 
opening of the mold, a hollow three-dimensional shaped part is obtained J 

In a "blown film process", a tubular die is employed through which a tube 
of resin film is extruded in a tower having a collapsing frame at the top. 
The collapsing frame collapses the extruded film lube so that the tube 
diameter can be expanded by the introduction of air through the die. The 
expanded diameter film lube, termed a film "bubble" is cooled in a cooling 
zone between the extrusion die and the coliapsir^ frame. The collapsed 
film is typically subjected to slitting and winding operations downstream of 
the collapsing frame.^ A description of one conventional "blown film 
process" is found in US Patent No. 4,101,614, attached hereto as Exhibit 
3. 



See in this regard, the attached Exhibit 1 from Kirk-Othmer Encyclopedia of Chemical Technoloav 

1981, vol, 0, pages 11-12 and 31. 

See in this regard, the attached Exhibit 2 from Kirk-Othmer Encyclopedia of Chemical Technoloov 
1 981 , vol, 0, pages 6 and 26. 
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6. That the intent of the '344 application to describe a "blown film process" is 
apparent in the Examples thereof. Specifically, at page 6, line 8 under 
"Comparative Experiment A and Example f", we note that; 

"...a Bandera bloWnTilm line [was used] equipped 
with 3 extruders each having an annular die 100 mm 
in diameter [to form] a film bubble,,.." 

7. Bandera systems are well known to form blown film as evidenced by the 
following articles: 

http://www.luiaibandera.it/Ddf/11737i6444 news 0307 ENG.odf 
http://www.ftlm.lulatbandera.com/Droduct/indexprod.asD 

8. As is evident from the discussion above, therefore, a mold with its 
attendant moid cavity is not employed in the practice of the invention of 
the '344 application. Instead, a blown-film process is employed wherein 
the resulting product is a multilayer film, not a hollow three-dimensional 
Shaped part. 

9. We now fully realize that the term "blow moulding" as used in the '344 
application occurred by inadvertent error which was the result of our not 
fully comprehending art recognized meaning of such term. Instead, it was 
our intent to describe an invention wherein a film is produced by blowing 
up an extruded film tube, cooling the extruded film tube and then 
collapsing the same. That is, it is now realized that we should have more 
accurately used the term "blown film" to describe the process of the '344 
application. 
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10. The inadvertent use of the inaccurate terminology as discussed above 
was most recently employed in the "Deciaration Under Rule 132" wtiich 
was executed by the undersigned, Ted Brink, and was filed in the '344 
application with the "Response After Final Rejection" on March 21 , 2008. 
At that time, the term "blow-molding" was in fact intended to refer to 
"blown film processing" for the reasons noted above. In order to ensure 
clarity in the record, the facts stated in such prior Declaration are restated 
below with the exception being that accurate terminology has been 
employed; 



Gomparattv e Experifnent A and ExamtitB I 

The bubble stability in Example I where the pblyamide (PA) 
layer is the branched pDlyamide4 {PA6) has a better bubble 
stability than Comparative Experiment A where the inner layer is 
the standard linear (non-branched) PA6. The bubble stability 
was determined visually by observing the degree of vibrations of 
the film. My observations were that the multilayer film of 
Example I clearly exhibited significantly higher bubble stability 
with a lower degree of vibration during blowm film processing as 
compared to Comparative Experiment A. 

Comparative Experiment B 

In this comparative experiment, the process of Comparative 
Experiment A was repeated, except that 30 wt,% LDPE in the 
outer layer of RE mixture was replaced with LLDPE so that the 
PE layer was formed of a mixture of 90 wt.% LLDPE and 
10wt.% Yparex 0H040. It was clear from visual inspection that 
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such a change had a strong influence on the bubble stability. 
Specifically, replacing 30wt% LDPE with LLDPE so that the PE 
layer had 90 wt% LLDPE (irjstead of 60wt% LLDPE) made it 
impossible to control the blown film process in such a way as to 
obtain a bubble wth sufficient stability. !t was observed in this 
regard that strong bubble vibrations occurred when the 
multilayer film of Comparative Experiment B was formed by 
blown film processing resylting in frequent bubble collapse. 

Example 11 and HI 

This experimental evidence was obtained under the same 
conditions as Comparative Experiment B, except the linear PA6 
was replaced with the branched PA6 employed in Example I. 
When formed by blown film processing, the bubble remained 
stable. The good stability of the bubble was also confirmed by 
the fact that it was possible to increase the blow-up ratio from 
2.1 to 2.5. 

11. We declare further that alJ statements made herein of our own knowledge 
are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may 
Jeopardize the validity of the application or any patent issuing thereon, 
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Respectfully Submitted, 
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(41,59,60) It IS most frequently used with polyethylene, high impact polystyrene 

po ypropylene, and several engineering resms. Some modificatLs to the rein 

r .W ' Tm r^q^-d, and a blo..ng agent must be added to the resm 

A chemical blowmg agent, which releases gas when heated, is commonly used. 

S It ^"P'"^' °" Wocessu^g temperature required, 
ine most cnrnmnn Vilmxn-nrr QrrQi-,f ir, „ ],• i_ _ • , , . . _ ^ 



. c<.gciii.B ucpeilua on i.ne processmo- • 

The most common blowing agent is azodicarbonainide' a.T-azobisformamiripi 
^ed at 200-260^C. Upon decomposition, it releases nitrogen, c^itn™^^^^ 



addpd fn f-hp rp=^r, ii Z^^— vv. ui a Diowmg agent is normally 
Litd f Pf^t a surface coating or as a palletized concentrate 

Instead of a chemical blowmg agent, nitrogen may be mixed with the melt 
while It IS under pressure m an extruder and the mixture maintained under 
pressure until it is iiyected into the mold. 

rr^.J^' 'Ir'*'"'' u°^^^ '^^'^'''^ ""^"^ ^th a shutoff nozzle that 

maintains the melt under pressure while the mold is opened. The screw is 
retracted onty part of the way needed for a fuU shot, and a short shot is imected 

would bfrn d T"*' ' ^'^'^^ °f ^ P-^' - ^hort s ot 

7"^f ' y ^Pf ^ the blowing agent to expand the melt 

form ng the foam structure. Structural foam molding is limited to parts wi h 
wall thicknesses of at least 6 mm; below that thickness, reduction in part we^ht 
IS usually insignificant. Parts, typically, have a dense skin and a foaiJed interior 
wi h various pore sizes. Compared to injection molded surfaces, the surfaces of 
structural-foam moldings are poor, and are characterized by a r;ugh, swirly fin- 
ish. Maximum pressure in the mold during foaming is much lower than in Lfl 
tion molding a so, no packing pressure needs to be maintained since the gas 
keeps the melt front moving. Surface appearance is improved by special techS^ 

and !tT'''' f injection pressure, some cost savings are possible m mold 
and press con,structian Molding cycles are somewhat longer than for injection 

swS ""'^"'^ ^""^'^ to be able to resist 

sw liiig from internal gas pressure. In structural foam parts there is almost a 
Ota absence of sm.k marks, even in the case of unequal section thickness. Struc- 
appiicatrns ' ' ""^''^ ^ ^ ""^^^^ 

Blow Molding. Blow molding is the most common process for making hol- 
low thermoplastic components (61-63). In extrusion blow molding a molten tube 

?Srh dV r V' "u'"^ ''""^'^ «f the par son 

s pinched together by the mold. Air under pressure is fed through the die into 
the parison, which expands to fill the mold. The part is cooled as it is held unde 
internal ^r pressure Figure 15c shows the open mold ^^dth the part falling free 
As the panson is extruded, the melt is free to swell and sa.. The process 
requires a viscous resin with consistent swell and sag melt properties For a 
large contamer the machine is usually equipped with a cylinder and a piston 
called an accumulator^ The accumulator is filled with melt from the extruder 
sTg^f??eiL^ Zt " ^ — ^ ^^^^ — the 

«™Pjf parison, the large-diameter sections of the bottle have a thin 
wall and the small-diameter sections have a thick wall. Certain modifications of 
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the die can control the thickness of the parison wall alnrncr if= lo.^i, u- u 
resultsinabo^ 

n«r.^=? "^^1?°"" " ^^J^=ti°^ molded onto a core pin- the 

ZTu *^^^/^P^dly transferred via the core pm to a blow mold where i is 

SoS S bnSr"''. ^PP^^^^ ^° -^^1 intr/cate bottled 
bott-drink bottles made from PET are usually made bv stretch hlnw n..!^ 

then reheated to just above its glass-transition temperature stretrhp^ La 
b own. Stretching the PET produces biaxial orientatiorwS' iSrottans 
parency, strength, and toughness of the bottle. A one- tep procZ s used 
many custom containers that are injection stretch-blow mSded 

Development-trends in blow molding focus on the optimization of the vis- 
RSTtoZ2:T^ improvement in thermal stability of polymers other than 
tiUfh. to develop new extrusion-mjection blow molding gi-ades- fabricatinT. r,f 
smaU contamers by multilayer blow molding for iniproveTb^rie; p p^S to 
7lw..7r P^«di=ti- through software packages of wall 

thickness for pan,o, ^ fmal parts to minimize materials usage. 

4 2. Rotational Molding. HoUow articles and large compW shan^. 
vTctit '.^f'Z^^^^^^ polyethylene powdrofr^lati^^^^^^ 

viscosity (64-66). The resm is m the form of a fine powder. A measured quantitv 

at ow speed. The resm smters and fuses, coating the inside of the mold The 
oTthe mtir P^^^ dupHcating"hetsM: 

in^ mtcb IZ^'^'''^ r^''^'''' ™ extending from a central driv- 

ing mechanism; each arm rotates several molds in two planes. The arms are 
moved from one process station to the next, ie, from unloading rd loaXg o 
heatmg and coolmg. Tooling costs are low. The molds are usuSrinade oTcas^ 
aluminum, but sheet metal is also used The melt i« W.^^fu 7 
..^st the mold surface d„*, he.tfi ^l^^ 'r^J^^^^^^ 



^ j_ayuaiLn ana covs are made from Dla^t^snln 
Among recent trends and developments in rotomolding are the use oTmfct' 
processors and temperature sensors for quality assurance, the refinement 
method to produce multiwaUed solid or foamed structur s all cWed with 
contmmng availabiUty of new resin grades with suitable visSt Is and 
?ITvn«n£l^ ^S^f r P-longed periods of time in the oven 
4.3. Expandable Polystyrene Molding. Moldmg expandable poSr 
ene gives foamed products such as insulation board shapes L pLkagSd 
disposable food and cup containers. Such processes are also caRed W or 
Bteam moldmg (67,68). Expandable polystyrene moldings are m nuft Ld 
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^hJi' ^Jf f'""- '^}' ''^"^^ ^^"^ P"°^«^^ ^Fig- 6) uses a tubular die from 
Ihe top of the tower has a coUapsmg frame followed by guide and pull rolls to 
Wportthe coUapsed film to subsequerxt slitting and ^^nTup rol ?he tutula 

dies can be used for manufacture of coextruded multilayer films 

The tube IS characterized by its blow-up ratio, ie, a larger diameter than the 
die opening, which is expressed as the ratio of bubble dileter to the dfe dfa 

CmZZ r ^""^J '"'^'"""^ °^ *° ^« and rate limiting 

Chilled air can also be used internally to improve the efficiency of the airToS 
process. The film may be treated for subsequent printmg, aS can bTsStto 
various widths and wound onto separate cores ° 
3 6. Cast Film. The cast film process provides a film with gloss and soar 
kle and can be used v/ith various resins. Figure 7 is an ill^.tr^tinrnAr ^ 
tial features of the extrusion equipmerxt Th^^e onenini T 1 . 

and imparts a smooth and virtually flavorless surf-irp in iL fi!,; ti ii . . 
by rapid circulation of water. Temperatt:^^^:;^^ Si TaL'^ lT:^, 
longer than the width of the film is needed, because the molten web becorZIaJ 
row as It IS drawn from the die; this is called neck-in. Edges ome film tSckTn 
and are mechanicaUy removed before the film is wound of a roU The edge S 
can be reprocessed. g® 

tact ^^tTtSi^f T'"'''^'' P™'^^^ "^--tain good con- 

tact with the ciuU roll, le, air must not pass between the film and the roll Other 

o7S;XtEt d t? "'T.r' ^ from the t t 

Thl 1^1 1 . appearance of an otherwise satisfactory product 

The melt should not emit volatiles, which condense on the chill roll reduce heat 

mgher melt temperature than is characteristic of the blown film process The 
higher temperature imparts better optical properties 

.i-r .f""*'^^^^^. ^ P^°^««« to impart biaxial orientation in the film bv 

stretchmg it m two directions simultaneously, the transverse and ma hine dTrec 
ions respectively^ The process is carried out in a device that gripTth "edS f 

S roTi: Tre otf % 1 "'^^ ^ fromLlnlet to the 

exit roUei . The objective is to mcrease the modulus and strength of the fihn uni 

^ "^^^ process used to make an extruded plastic sheet iq ill,, 

great as 3 m. Heaver gauge aheete are uBuaUy ait to a apecffled length and 
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P7! ABSTRACT 
A blowi fihn process whensin: the temperature of the 
film u cxintmuaDy monitored in a .elect oonttol orZ- 
W.?f " flta frast line; a control 

ot target temperature" IS determined based empirioally 
B29F 3/08 l^Z^" ' °^ companion operating 

conditioas,- and a vanable fUm cooling source orsupply 
« reenlated to estabM the conhol Lipetature ^'a^ 
e^sn^iy constant or non-variaWe opLting condi- 
h?fr t "'^^'eiized by an essentially sta- 

ble frost hne position and to the extant movement of the 
fro t toe can be optically or otherwise observed or 
sensed, and m appropriate signal derived therefrom, the 
proc^ can be alternately practiced based on moMtoi! 

target frost hne position, and regulating a fihn cool- 
mg source responsive to deviances or movement from 
the control position. 
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BLOWN FILM PROCESS ""'^^^l^S and/or cyclic operating conditions 

This application k a continuation of prior applioatioti 11,^' ' in the possible rate of 

Ser. No, 554,951, filed Mar. 3, 1975 now S^ed ■> ^'fT^, ''^T^f «===Ptable level of quality 



and which is a continuation of apSo™ No 5 Z^lr Jr^'^'rl'^^^"'^^''^^"^^ 

376,834, filed July 5, 1973, now abSed ^ 

FIELD OF THE I^fVENTrON SUMMARY OF THE INVENTION 

The blown film process as e^prased or intended J^^^tt^n^" 

herein, is meant to refer broadlv to the manufacture of .0 P™oeM using as a base control, 

plastic fi!n> (inci^dmg sheet maierials) throu^hlx^d- T« I'n'f 'T*y°' "^"^ °' '''' 

mg a oontinnous molten tube of heat plastified resin, ^Y^\^„Tf^"^^ °^ P"^'*'"" °f '^^^ 

stretching or drawing the tube about a trapped at or n^dri™ (A . ■ '^"'^^"'''"^ °^ '^^t™! frost line 

gas bubble, and simultaneously cooling the plastic such whSv ^rflT" p "^^^^ 

as by external or internal cooling mea^s. The invention is nr^^^^ ^ preferably optunmn quality Km is 

particularly relates to such a process whe^S^ a SnS 7v, '^^.^^'"r of companion operatmg 

area is defined, a control temperature detennin^ for L^f^'^o ^IT ^"^f ^ '^^'''^'^ 

such area, and maintamed through variable c^ltag tabSLT'"? """'"'^S 

steps, whereby improved film quality, and/or mcreased « cmTro no^L ^ temperetnre 
maxunnin prodnction rates or ceilings are achieved. 20 o ne^tW conri (^^^ 

Alternately the invention concerns defining a con- ci = rL , provides pre- 

troUed frost line position, monitoring such portion, and Id^^l^^l"! ? ^ ? P-^oP^rties. It is partic- 

providing a variable cooling meani to correct S P^^-'^'ne prompt coireotive 

tiona U^erefrom, for essentially lilce purposes and Im- S4 f^r Su^^'Z^tf ^^^"^ • °^ ^""^ '"'^ 

proved results. ""mess, lor wmcn there has been madequate wamine 
25 or prediBting systems in the past 

BACKGROUND OF TOE INVENTION DETAILED DESCRirriON OF THE 

The ultimate properties and quality of blown film can INVENTION 

and consistency as regards the extmded resm. For ex- pSed Siim^t ''/^^^"^^i, ^d practiced a 

ample the temperature of the extrusion apparatus tends pS« ^ ''""^^ '^'^ 

to have inhprsnt n,if-Ii^ a r— .. _ t""«ap«es nereot. 



ample the temperature of the extrusion apparatus tends prindoles herenf mventive teaching and 

to have mherent oycUc character, Also cyclic condi- . . *u . ■ 

tions occur in conventional film cooling svst^s r«i„ i!^^'^".'*^''' *° '''^^'"e, a Aim forming 
whether based on a refrigerated sourc or tfLeS 35 hTo^ >f°a heated extruder 10 through I 

ambient air. Additionally, fdm extruders frequ^^ SdTr i^s'J"^" JJ'^™'* ^ «^t"«l'y 

require a filtering system that will gnidually doe 3="f «^a5ieat plastified condition to a die head 14 by 

imporities.th.jsinducingavariablee'rorpi^^^^^ ^er^ romrel^irf.lT'''' f ' ^ 

changem melt index, m the resin passed through the tX^Mvlne 18 
filter. The resm itself may not be entirely consisLt in 40 ^ont a Tr:±fu^LI1.*^^J'^^!^ 



luicr. ine resm iraeii may not be entirely consistant in 4n ahn.,f « *™_ "j uT..."^ " -""^'^"c" ur cirawn 

quaUty, such as its melt index value and melt teZ>rl fehed bv^T.ll»*'5. ^ " .""^^r*^ "^len- 

ture, tempera Bhed by a regulated pressure line 20 that mtroduoes 

Operatmg inconsistencies such of the above type can fh?ta£ A coUaD^.TT,*? °' f °' ^ ''^"^^ '° 

produce poor fihn in the sense of poor film flatness fiT S ^^d 26 ^ °°°P=™""S ™P 

appearance of wrinkles m the fihn) and poor nnS^y 4. ^^t^'^ fZ^ c:oUapse and Oatten the tube at an 

of the gange profile of Ihe fihn. The grnge profll^a^ ^cSv incl^P hhI i?'"''' P™^'''^ 

be somewhat controlled by thickness measurtoe devte r^l « dnve rolls compnsmg or located be- 

and systems, which give L operator ^^i't^ L^^^^lil*!^^^^ 



and systems, which give the operator some indication 'aAvaT,7ithlZiZ:Zr:u S- ^. ^ ''""'"^ ^° 

and warning when profile contol is deteriSg w rour^s Ltr^?.^? TJ'u ^^"^ 

that the appropriate control corrections XKd^ 50 S^^'"^'" "^"^T*^" '""'"^ longitu- 

However, when conditions go awiy causing wriuMes to t^^ ^l^^^i""" ' 
appear.therehavenotbeenloorZevicesto'p^f^ 

approaohmg condition, and to give the operator ade- or maiSd L^Z^f ^ i drawn-down, 

quate warning to make appropn^te corrections. Th^T^«rT^^ ^^'"'^^ 

Thus even with close attention by a skilled operator 55 dfe h^ W th,^?^f T^^'^^ 

it has been difficult to control fdm quality above cS m ^ ^"f ^t 28. Above the 

cdiing production rates. Even whel opSJ'ST^ Sm SSn"" *° " 

production range considered manageable by a skilled The invent!™ i. i 

operator, the film quality can be less than desired a^d se2g dSo ^^^IJT'^I a temperature 

ess than specification tolerances, due to imprecise and 60 ^I Z^^^LT^tTt^iT^"'^' 

madaqnate control over ovcUc and/or fluctuating oner- t^rrpt Ir^ thT^ a \ , * " 

ating conditions. u nmtmg oper area t^ ,s underneath frost line 28, and above 

Accordingly, it would be advantageous to the art if frost w k IZ "^^^^^ 

there were available a blown film process which J I ^ P^^^'^^^ or cotitrol area. This 

achie^fmerandmorepre=iseconLr:"L"'S^5 l^^Sl^^Tt^at^ZT^^'''^''^'^ 

ity and/or properties. ^ !;„rfi„ „ T ^ 'o cause a stable tempeiatjire 

It would be particularly advantageous if such a pro- ofS'^^ f " ^equately predictive 

cess provided a sufTicient a„.matic counter-balan^h. ^Jm^^T^^^^^^^X' 
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predictive control area, however, will exist at an area ^ , ^ 

remote from and spaced sufficiently downwardly from ac^vW 1"^" '^°'' P^Py'^n^- achylic acid, ethyl 

the frost Hne so as to be less influenced (or nor- therpof" -li" "' copolymer 

influenced) by crystaUization effects oconmng at and m { ' , ""^'"^ polyesters, polystyrene and 

the near vicinity of the frost line. s copolymers thereof, vinyls such as polyvinyl 

The signal produced by the temperature sensing de- ' fon°'ng polyamides and the like, 

vice, or the output of this device, is fed to a controller . ™°™tarmg devices applicable for use in the in- 

or controlling means 32 through an electrical lead or would be heat sensing devices such as a suitable 

connection 34, and also to a temperature reading or °Pt'=aJ pyrometer or radiation thermometer, and ther- 

recordmg mstrament 36, through an electrical lead or 10 ™^-couplss or thermistors such as of the feather sensor 

connection 38. The temperature reading instrument ^i'P"- applicable for delicate web materials. When the 

converts the signal to a dial reading, thus permitting the control is based on a controlled frost hne position a 

temperature m the control area to be determined nu- '^aze meter can be employed to read the position of the 

""nf^J^, 'IZfJ^" °P.=^'iti°n. frost line, and to produce or generate a signal upon 

^ The output of the controller, is suited to operate an 15 which to base or regulate the film cooling source 

mnirr.°Hn?7 ' P"""- conxroUer is preferably of the type adapted to 

wmonaavers air from B blower or compressor unit so. The no^itinnin., rto„;„. u r ■ ., 

to a cooling ring 52 that is disposed about the lowe mal^aUv driv^ deneT^^^^^^ be electrically or pneu- 

extreme or tube 18, just above die head 14. availtwJfn ^^P^^'^S on the mput signal, space 

The system depends on the selection or determination Z Z^! I u ^"'^ '^^^ 

of a control or target temperature for the control area l"; 11 , . , " ™^ replaced by numerous other 
This is most expediently determined empirically bv " ^=8U'«t'"g ^alve types, or other devices adapted to 
arriving at a given set of operatmg conditions that pro'- '^^Sai&te the flow (or conceivably temperature) of the 
duce optimum quality film. Upon determining a set of ^°™«e gas or air supphed to the cooling ring. The 
such conditions, the temperature m the control area is "'"wer can supply refrigerated or ambient eas or air as 
read and established as the control temperature. The 30 ^e found most optimum or necessary for any 

dial reading while not essentia! in running the controls, ^^^^ '''""'n film process and resins. The coolmg ring is 
permits the operator to observe and record, if desired, necessarily in an area where it can influence the temper- 
tbe temperature in the control area. The controller is set of 'he fihn in the monitored area, or the height of 

to continually compare the signal received from the ^rost luie, as applies. Most preferably the air ring is 

sensmg device, with the control temperature, or equiva- 35 Positioned generally in the area shown by the drawtae 
lently a pre-detrrmined control signal. If the signal Understandably, other cooling devices can be substi- 
would mdioate the temperature m the monitored area is tuted for the cooling ring shown or emnloved toeeth^r 
nsmg, the controller notes the difference, and directs therewith (i.e.. of the vf rio^types S^fo thetrt 
buttJ^r T''?"'' '° proportionately move the such as intemally positioned coXg devTces ' 

butterfly valve to decrease the flow or outpm of coolhig w ^ke un ^ ?v. °, 7"? ^'^ °' ^ 

ring S2. Necessarily the null position, tha"? is. the pol 45 X^evoL 2 [8^;^^^^^ 
t>on the valve assumes when readmg a stable tempera- blown fflm Jn^l^ / °f'="'""=^ ^'^P^'^V^ ^ the 
ture condition, is at a point between the extreme open 7 ^ ^ f ^^^"^ *° ptoiucs 

and extreme closed positions of the butterfly valve w h t process described above can 

The mvention may also be practiced utilizing the ^" ^PP''=^ ^o f^voivrng blown film process, 

height or position of the frost Une as the control indica- 50 ^ oontrol procedure that described above, 
tor. The monitoring device would be modified to opti- s«s™"a"y without modification. However, under cer- 
oally or otherwise read the frost Ime height and produce conditions, it may be desirable to read or monitor 

signals indicatuig deviances therefrom. The control ^^^eral control areas about a revolving tube, and/or to 
frost Une position can be determined as before, that is, =inpioy an integrator to average the temperature in the 
by operating empirically to defme a given set of condi- 55 "»°'"tored area(s). and/or to regulate a coohng chanRs 
tions under which qmdity film is produced, and defining "'^^ specific mtervals, such as after each complet» 
the control position as that at which the frost line re- revolution of the film, as may be found desirable or 
sides under such conditions. The signal provided by the advantageous in any specific film line, 
monitoring device would be fed to the controller, and ^ addition to controllmg the fUm prop-ri;ies or quali 
compared with a control signal, and corrective action 60 t'=s esxplicitly mentioned above, the control temnerature 
taken, as required, to regulate air Une 48. to thereby and/or control frost Ime position can also be deter- 
mamtam or stabilize the control position. mmed to beneficially affect flie more consistent attl 

The control process taught herem is applicable ">™t of fihn qualities such as relates to the nroDerti^n'r 
broadly to &e production of plastic film, from fAn tear and hnpact strength, and film^l^Se ctor 
formmg syntaetic resm matenals, based on the blown 65 istics. The control temperature or cS fr^W 
film prooess(s). Representative examples of films typi- heieht as annli« w^ri^tw k . 
cally produced by this process are= polyethylene^Sd tTsth'rSS. emS^^^^^^ 
known copolymer, of ethylene and various other copo- more coLLt achfe3e„Tteeof ° 
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EXAMPLE I 
The mvention as described is applied to a polyethyl- 
ene revolvmg tube type" blown film process having a 
20 moh dmmeter die head. An "IRCX)N MODLINE" 3 
noD-contactmg optical pyrometer or radiation ther- 
mometer, 'Instrument Series 34O0," is used as the in- 
-trument to sense and monitor the temperature of the 

SA?"'"^ " ^^^""^^ i» "bout 3 

moh^ below the frost line, and most optimally is about 10 
9 mches bdow the frost line and at least abom 6 inches ' ' 
above the die head. A control temperature of about 240" 
IFis esteblished. An "IRCON" proportional controUer 
IS employed, Instrument Series 3400, that receives con- 
tinually the electrical output of the optica) pyrometer 15 

and converts the same proportionally into a pni 

output that controls an air piston motor havhiB an uite 
■ gral butterfly valve. The hitter unit or assembly is avail- 
*le under tiie trade designation "Valteck Vector One 
Biitterny Valve. ' An approximately 1300 CFM capac- 20 
ity blower umt is employed, and is operated at fill] oa- 
pata^, subject to regulation only by the controlled 
position of the butterfly valve. The followmg Table I 
snimnanzes the results comparatively between control 
anci no control situations, wherem: "Marimum Rate" 25 
refers to the majomnm achievable rate possible but not 
practical for commercial runs; and "Maadmum Good 
Production" is the maxunmn rate at which "good" film 
IS prodaced based on the qualities of acceptable film 
flatness and uniformity of gauge proffle. The latter fie- 30 
ures we given in lbs/hour and also 1000 lbs/month. The 
monthly figure reflects "down time" and other inter- 
ruptions m the process. 

TABLE I 



tion Ime, employing 30 inch diameter die, the niocess 
bemg also of the ..volvrng tube type. TTte'contro"p«! 
^L?i thf^Waratns for accomplishing the same, is 
^My the same as described supra. The control 
temperature and control area is near the same as with 
Example 1. Signifioantiy increased production capacity 
as compared with the "no control situation", is also 

i~ " ^-'^^ 



TABLE II 
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Lbj./Hr. 
Mai. Good Pn 
M Lbs./Mo. 



EXAMPLE 11 
■riie control process hereof is also tested in a still 
higher volume, polyethylene blown process or produc- ' 



What is clahned is: 

1. In a blown fflm process wherein fflm is produced 
through extruding a continuous molten tube of f ^ 
resinous maS 

gas bubble, and smmltaneously cooUng the tube, the 
Steps compnsmgi monitoring fte temperature of the 
frost toe and extrusion die liead, the control area bein. 
remote from and spaced sufficiently downwardly from 
ion T '° f '° ^ influenced by crysiaUizs- 
tow2L ?h ' "^^^ cLumference 
between the control area and extrusion die head ssttin„ 

rr°'/'=T^^'"" controril cotpS 

the momtored temperature with the control tempera! 

- ^f/^^f '"^ '° oonditions of upward or doZ 
ward drift, respectively, of the monito'red temperate 
from the control temperature, whereby the process is 
toe'^onrr' constam'tempSe 
^ the control area irrespective of cyclic variations m the 

_ operating parameters of the process. 

oo^n!?«lT°? "^.''^"^ ^ ^ooyng step 

oompnses the step of varymg the rate of gas flow m Z 
ar rmg positioned between the control area and extm 
sion die head. 
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Dynamics and Criteria for Bubble instabUftfes 
in a Single Layer Film Blowing Extrusion 
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In this paper, the perftinnance of a new ta-Hnc scanning camera system for the 
study of various bubble iiistiibJlitiee tti film blowing extmsiOtt Ss crttloaky evaluated, 
niree commercial ftlra-grade polyetiiyleiies, LsliPE, LLDPE and UJPE, wcce used to 
gsnemte the bubble instabilities. Reliable and objective csrtterla for dllfereatsatliig 
various bubble Instabilities such as draw resonancte. hellcMdal insfcabUlty, and frost 
line height Instability <tre proposed by u6ing the new device. DatafleS dynamics of 
each bubble instability was cardbUy invese^atcd as a function of time to a broad 
range of tlie take-up ratio (TUR), b!ow-up ratio (BUR) and irost line height (FLH), la 
addition, effects of melt temperature and mass flow rates an dyn£anic$ of the but. 
ble Instabilities we discussed. It vms found that tbe now system COuW capture the 
jnaln characteristics of all bubble instabilltiea quanUtatively. It was elsa fiJuiKJ that 
ssBgntt!Qdte.«iid RerKKtttlty of raiUus variation 4^^i draw rasoiiftnct_of LmPE 
decreased as TUR increased at consbuit FLH and l^K This isriplles that the arigto 
of draw resonance In likn blowing seecQij to be different fittm that observed In fiber 
spinning In tbe case of helicolda! instaljiUlsr, eccentiicUy, which defines the devia- 
tion of the bubble center from the die ctaiter, dccrtftsed as TUR incMBSed, However, 
the bubble could not be stabilised 9s expected. A ^phlcal quantification approach 
to de:tennine the stable zone In 'Qie b^ftihle stabUlfy map is also discussed. 



mTRODVCTIOK 

Fttm btowtag osSruSion converts conventional poly- 
efhylenes such as high (HOPE). linear low (LLDPE) 
and high»pressure low densitf (LDPE) polyethylenes 
Into thia plastic fttais. It is one of tbs moet Insportant 
foxnalng pnocessee in the plaafjo ladustty. Although 
this process Is too conipllca.ted to be completely under- 
stood because of the complesc deformation Mnemafics 
and non-isothermal cooling effects, for saapiicity, tbree 
important operating conditions have been frequently 
correlated with its performance, First, the frost line 
height (FLH) oharacter!2:Bd by a formation of certain 
soUdlficaaon zone i$ used as an Indication of cooling 
effects by external air dii'ected to the molten bubble 
and strongly affects the Shape of buWale. Tvro other 
operating conditions to be taken into account along 
witli FLH are the blow-up ratio (BUR) and the taice-up 
ratio (TUB). The BUR is defined as the ratio of the final 
film radius [tif) and the die radius (Ro), thus R^/R^. 



■Ciinei(»ndlng Sulhw. 'E^hUl 1 Ium.Civn«iOlxi]yint!.cx. 



The TUR. sometiznes Chilled the drawdown rutia, is de- 
fined as the ratio of the take-up velocay ftj^) of ihe nip 
rolls and. the estnidate velocity Sit the die estt {VJ, ii^/V^, 
Vaxying the speed of the nip rolls and the amount of 
the prasauiliied air tewide tJie bubble controls the BUR 
and TOR, respectively. Both paraTOetejs strong^ af- 
fect the thiatness and final widfli of the fajtt, and thus 
the defoiniation iiaetaatit^ of the molten bubble. The 
width of the final flattened ffim Is generally called lay- 
flat width in the flkn industry, 
. An ultimate goal tn Mm blowing is to produce final 
film products with thin wdfom gauge and good phys- 
ical and optical propertiea at a maximum production 
rate. However, this la dififtcult to achieve because of 
technical restrictions. Two technical limitations related 
to matenals have been frequently discussed m film 
blowing extrusion (1-4), which are presumed to have 
diflferent origins; bubble Instabilities and surface melt 
Iracture {mF, generally called shaxltslfin). While bub- 
ble Instabiirty can be observed esven at veiy low fjow 
rare owing to a mismatch of vartous operating condl- 
ticns in film extnislon, SMF can be observed only at 
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critical flow rates and is believed to originate from 
near the die exit, Thus. SMP is not dtrecUy reiwuit to 
the operating conditions of Sim Mowing and has been 
the topic of a number of recmt stiidies (5, 6). 

Various types of l>ubble tastabflity have b2en re- 
portecl In the literature (7-12), Three phenomena are 
coramtJnly discussed; 1) draw resonance (DRJ, chsirftc- 
terlzed by a periodic oscillation of the Utbble diameter, 
2) heUcoldal tastabllity, charactKiied by a hallcoldal 
rootion of bubble around jta axial direction and 3) FLH 
instability, ohsiracteilzBd by variation to the location of 
FLH. Their schematic views arc shown in F^. 1. Main- 
taining a stable bubble during the iShxi Wowng prooesa 
is a necesaary condition not only for the continuous 
operation but also for the production of acceptable film 
products. Nonuntfonn bubble diameter resylts In non- 
uniform layflat width and thickness of tlae fllm, which 
diminishes its perfonnanjce fa the subsequent convert- 
ing steps. Therefore, appsaranca of one of these bubble 
instabilities can gnsa.tb*' narrow the stable operating 
ranges of commercial production. Tbese restrictions 
on stable conaittons limit not only the production rate 
but also the iworklng window for producing fllms of 
good physical properties, since there is a strong in- 
teraction betw^een processing conditions and physical 
pTOpertlea of ftnaJ films. 

Han et aL (7, 6) were the flnst to present the results 
of bubble instabilities for & sjn^e layer 111m of LDMS 
and polystyrene (PS)/HDPE blends by reicerdilig the 
bubble behavtor throu^ still picnaiw. Tbsff obaotved 
pulaattoxis of the bubble dlsanstar s& the streteb ratio 
inerwised under tiniecEita deformation for small BUR 
leas tbsn unity and ofaeemd a wavy film under biax- 
ial dcfomiatiOtn for BtJRlaiger than 1.5. However, It is 
not clear Whether what thny observed tundisr biaxlail 
stretching was the heltcoldal or the EIH InstabiUty. 
They also mgued that lowering the mdt tctopcrftture 



provided a more stable bubble for LORE. Comprehan- 
sive studies of bubble Instability were done by Kanai 
and White (iS). White and Yamane (10), and Mincshima 
and White (11). "niey used IDPB, LLDPE and hdpe 
having dilEsrent molecular structures iii terms of long 
chain branches (LCB) and tookcular weJ£l>t distribu- 
tion {MWDi. Hiisy tackled the pnjblem by qualitatively 
assessing whether or not the bubble was Stable by 
means of visual obssivations at different operatiag con- 
ditions. They preseatiid the da,ta of the v/orklng space 
in a bobble stability map as funcUons of BUR TOR 
and TLH with different symbola denoting stable, bubble 
Instability [BI), ineta-stable and heUeoidal, whidi cor- 
respond to stable, DR, FLH instability end heUcoldal 
instability, reapectively. hi addition, a plot of thictoess 
reduction us. BUR was used to assess the effect of the 
molecular structure on the bubble instability, Howrever, 
these results were mostly qualitative, and btibble in. 
stabUltiea based an -vlstial dbservattons of the espeil- 
mentear arc rather subjective. Hence, a better tool has 
to be developed fw studying bubble ataMiiy on a rou- 
tixte basis. 

Despite the lack of detailed Jsnowledge of the origin 
of various bubble InstabilitSes, Wong et aL (13), Field 
etoL, a41, md mac etoL (15) Mowed the method of 
White etoL, mi they, compared the bubble stability 
of vsKious PE'8. meauding tw-n metftUocene PE's (13) 
mid lOPE/LUDPB bteids (14, 15). On the other hand, 
FleJssaer (1) determined the critical drawdown speed 
as a (siterion fer the FLH tostabllity of three hlgb-mo- 
IscuIar-wsSght IffilPSTg showing a dlffsi-snt exterisional 
rheotogicaa bthavjor. Obijcskl and Puritt (16) used tlie 
variation of the layflat width as a crltarico for claasify- 
itt| thnse Instalrflitlee such ss FLH instability, DR and 
heUooldal instability of LOPE, UJiPS and their blends. 
Huan^ 117] used a pressure transducer to detect w- 
latlona ef pressure inside bubble and correlated them 
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with the oaelllatlon of various bubble InstabSliUes. 
Recetltty, Butler U2) preaented resuits of a conipni- 
hensive study by employing varlouB tools; 4 gamma 
back-scatter gauge for measuring the fllm thicicness 
variation In the machine dli'ection (MD), a pressure 
transducer for detecting air pressure vatrlation, a video 
camera for recording the layflat varlauon, and fljoally, 
an [R thermometfir for scarmJag tho temperature pro- 
file. However, all these methods, whflft useful In some 
cases, are tadireot approaches and are not appropriate 
to quantitative^' capture tho chaaractertettcs of various 
bubble instabilities. 

-njere is a strong need to develop a tool thai can de- 
tect the onset of each iaetablllty and trace how It 
evolves as a Auictlon of flmc. This is a basic and ncc- 
esaaiy condltton to understand tHnt physics behind 
various bubble instabilities. The first quantitative ap- 
proada of bulJble tastabuay was awaar^ted by Sweeney 
&t aL (161, who used a video camera aloi^g wlfh a data 
ana^sls tool to convert the captured Images <m the 
video camera into analog valta^[e Bignal. This signal 
WRS; fed to an smalog filt«r to detettnlne the TEaatlve 
positions of the bubble edges. The aulliors were able 
to capture the posiHon of the bubble edges as a fixne- 
tiori of time md. axial position, and quaatify the bub- 
ble iastablliaes of LDPE and LLDPE blends. However, 
this technique is not easy to use and requires a post- 
data processing step to ihterpret the data, In addition, 
since a video camera was ustd as an Image capturor, 
the three-dlmonslonal motion of unstable bubbles such 
as encountered In heliooicSsl testability could not b2 
properly investl^ted, 

Ghaned-Fard et cd. (19) a]so attempted to quantify 
the bubble instabilities by defining the degree of heU- 
coMal instablllly (DHI), which takee Into account the 
radius variation of the bubble captured by a video cem- 
era. However, they could not tdl differences between 
various bubble instabilities, especially between hell- 
coidal and FIH inetabiliaes. Recen%, LafTa^e e£ at 
(20) developed a new jrystem ustog an In-line scanning 
camera with seven nj&rors. It has been shown that it 
can captxire all featvres of the bubble tostabffltles as a 
function of time and ajdal distance. Details of the sys- 
tem and prellmlnaiy results can be found elsewhere 
(20). However, tlielr results Wire limited to the study 
Of LLDPE, and fli,e proposed definitions for some bub- 
ble Instabilities need criticaJ evaluation to verify their 
applicability to other polymers, Therefiare, in thle «tue!y, 
we have ejrtended their work and proposed reliable 
criterta for various bubble tnstabilittea In texms of ex- 
perimentally detennlned parameters. 

While many altempts at Tnatheraatlcal modeling have 
recently been madle to elmulate (he steacfy-staie op- 
eration of Che blown film process (21-^), entity' a few 
theoreucai investigations liams addressed bubble in- 
stability (26-aS), Yeow (26) was the first to tiy to pre- 
dict various bubble instabilities by using a linear sta- 
blllly analysis for a Newtorttea film under isothermal 
ccmdiUons. CaSa and Dana (27) extended their analyete 
for a Newtonian and a viscoeilastic upper-convected 



Maxwell fluid. Cain and Denn found that both the 
number of steacty-atate solution branches and stabil- 
ity depended on the operating conditions represented 
by feur variables such as axial veloeSly at tlie soldlfi- 
cation point In their paper), amount oi pressure in- 
side bubble (4. dimenssonless tensicm (T,), and a pa- 
rameter (B) relating taflatltig pressure to thiolmeas 
and fluid viscosily. BSiSed on their analysis they ar^ 
gned that thftir model can predict the draw resonance 
at the tower branch, ie„ toww BUR near or less than 
unity where the thidJm«ss and the radius of bubble de- 
creased m the buWile mowed upward. Recently %on 
and Park (%8} used the mathematical approach of Cain 
and Denn to evaluate the detailed effects of apet^c 
operating conditions on bubble instabilfty. They se- 
lected e!iq>etlmental data of IXDPB collected by Mlno- 
shrnia and White (10} to assess ttieir theorettcsQ results 
based on Newtonian and isothennal oondiaons. It is m» 
terestlag that they reported for a case of a fixad amount 
of air and a given thickness reduction that there was 
an optimum FLH that ejchlblted the most stable a'cgSon. 
Hovirever, while the previous theoretical approaches 
are partly successful in qualitatively predicting, the oc- 
curr«ice of t)R at low BUR, rione provides a reason- 
able agreement with all experimental observations. On 
the other hand, there are not enough reliable experi- 
mental data on bubble instablliiy to fcam any solid eon- 

The objective of the present study xvas to propose 
reliable criteria, which can characterize qxiantltailvely 
variou j iJubbJe i'.i3t£b!llti*£. We also prsssr.t dj-r.ainias 
of unstable bubbles as h, function of TOR and show 
how effective the nev/ In-Jtae systenj la In capturing 
tlie chja^acteristics of unstable bubbles, hi addition, a 
graphical approa;b Is proposed to quantily the stable 
region in the bubble stability map. Finally, only one 
mass flow rate was used In previous work on bubble 
tnstablhty, for example 1.0 (7), 0.7 (S), 1.1 (10), 5,0 Itg/h 
(20), which are aometsmee unrealistie considering ac- 
tual film blowing proceeees. Thus, we also discuse the 
effects of the mass ftow rate and meJt temperature on 
the bubble stability map, 

EXPEMiraailTAt, 

In this study the following procedure was used for 
all the measurements. At a given mass flow rate and a 
melt temperature, first tlie targeted BUR was attained 
lor a given TUR by supplying the necessary amount of 
air, and then the tai-geted focatian of FIH was adjtisted 
by coniiolllng the air woUng rate. 2f the required BUR 
was attained for a certain position of FIB, then TUR 
was sUghtfy' varied syistemattcally to investigate the ef- 
fcct ofTURvmUe simultaneously adjusting the cooling 
rate to owlet- to keep a similar FIH position. Thus, flie 
actual BUR was not esactly the same but quite close to 
the ta^eted vsjue as shown in J*^, 2. 

Stbtt Blnwtaig Unit 

A 4g-ram Klllon stn^c-screw cjrtruder with a stand- 
ard screw was used, tts length to diameter ratio (L/I3) 
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afBUtt and air cooUng rate vfjunatstm ^TUR wnB« hotOng an ai^rmmmtely « 



TteUnShrPUioflBOrrm 



is 24 and compressioii ratio is arotind 3. A helical an- 
nular i3te ■mtti an outer dlaxneccr cf 63.5 Kwi and a 
gap of 3 tnm was Installed at the exit of (adruder with 
three alectrlcal heating ban(is to adaiem a good tem- 
peralwe profile within the die. The extruston tempcr- 
ttturs i?rofile fttomlijo hopper to (lift die was sat asl63/ 
lOB/aOO/aOO/aoo/ZOO'C regar<ile$s of the poiyroer 
used, whic^h results In melt temperature a( 1@4<>C- 
167*C ttt the die exit de^wndlng on the polymer. n» 
nmas flow rate of each poiym^ was tnaintained $t 3.0 
±0.1 lig/h by adjusting the screw revolution speed 
deiJendtog on the pofymer to relatively compare their 
bubbltt instabilities, Howew. ibr the evaluation of the 
m&«« flow rate and melt temperature offsets on the 
bubble InstatoflttJes, two additional mass flow ratss, 4.S 
and 6.47 kg/h, and two additional melt temperatures, 
aOi'C and 2l8'C, were employed with ldpe. Cooling 
was performed by using a dual-lip air ring, which is 
west known for its better cooling diiciency than that of 
a 8in^e-llp air ring, No intumal cooltog device was 
used. The air temperature was not regulated but was 
In the range of 20°C-23°C. The posil3ons of the upper 
and lower lips of the air ring wei^ set at the same levd 
during the study to avoid any diflicul^ causisd by vari- 
ations of airflow due the lip position. Therefore, cooling 
of the moltBsn bubble was controlled by an atrstream 
mainly through the lower sir ring and partly toough 
the uppar air ring. M a result, the e&ct of cooling 
was talten Into accasunt on^ as a ftinctlan of the air- 
eoolirig rate, l^rplcal proceaeing data, for poiyzners ueed 
are summarized in TWel. 



tnHfaia Measimnents 

The optical sj'stem used In thte study has been de- 
veloped at CItASP-JScole PolytedmKjue (Montreal) and 
the relevant mathematical derivation has been pi-e- 
sented hy Lafliague et al [20) in detail. The sdiernatlo 
view of the new sj'Stem and geometrical variables of 
the bubble zmd the die are shown in Hgs. 3a and b, re« 
apeeOvelf. A aunmiary relevant to tiiis stutfy is given 
here. Hie system includes seven mirrors, which allow 
the llne-6can camera (Dalsa, USA) to acfiuire two views 
of the bubble as two wWte stripes at the black baclt- 
ground on the same nairow image as showoi tn Fig. 
3a Synchronization of the two views is a result of the 
^mcttiy of the eoreteai, Three fluorescent lamps were 
placed above the mluacB as a Ugdt source, and spe- 
dalfy- designed black cfaambers were InstaJBed around 
the rtiin'orB and the camera to «fcSd msy parasite re- 
flections and shadows and to get optimal contrast. 
The whole optical system can be used a± a fiaud po- 
sition or with a frame movable in height by using a 



Table 1. f'l-ocessing Condiei<H» 
foi- a Mass Flow Rate of 2,0 Rj^. 
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eervoniotor. The observations repoi-tad tn this paper 
were made si & fixed position above FLH. 

One of the important steps for successful measure- 
ments is an appropriate cal&ratlon, Through the call" 
bratton procedure, we can let the system know where 
the inltisd position of the die center 5s, which corre- 
sponds to the reference point of the system. In adai- 
tlon, there is a scaling factor to correlate the real dl- 
nsenstons of the bubble with tlie number of pixels of 
the data from tlie acquisition system. Its correlation is: 
Scaling Factor: 

h " (P* + Ps) V2- = (A + PiW2 (1) 
where -P^ are the edge positions of two viAiite stripes 
on the images of the in-line scanning camera (K^. ito), 
a, and »2 are the eragles between the bubble center 
and two imagtEiary-STand Kaxes (F^. S£>), respectively, 
and Dp is a scaJlng factor. 

Data-acciutsition rate was fixed at 0,28 9/data poliit 
for the whole measurements , which is shttt enough 
to detect a spontaneous response of the bubble to given 
coadltfons. this syatem gives four parBineters as out- 
put: 1) Soeentricily. d, desexibSie how &r a bubble 
tuoves away from the die center, i2) ttxaatim aagle, 
«. is the reference angle of the bubble rigat aJde with 
respect to an Jtfbttraiy yplane as shown Jn F©. 3b, 
S) Radii of the kfl and rii^t ades of the bubble t^j^ 
and Rr^I, mC ftna% 4) Statio ot^t^ f adU. Ei^ 



rdatioiB (rf these pturaineteta and georaetrlca] -vstila- 
Wes are presented as foltowa: 

Eotatlon angle (a) = arctan (YjXi) (i) 

Eccentricity (d) = Vjff -i-'yf (3] 

Hadins ratio = it^/fiKgh( (4) 

where i;, X;, are tJie Cartesian coordinates that define 
the btitdjle center, 

OsHig these four eaqjerknentaay obeervable pstrame- 
teis, we have studied the fautoble inetabflltles as a iunc- 
tloa of time la a wide range of operattog conditions. 
TUR was vailed from 6 to 90 widi a leguJar interval of 
12 to deteet sojy poaslhle bubble Instahffl-iy. This range 
ie broad enou^ to corveir the iypioal TUR range -used 
of 50-60 in the film Industry (28, 29). However, the 
TUR value was slowly varied near critical conditions 
■i«*iere a stal^ bubble became unstable to order to de- 
temuae flbe precise stabie/unstabJe transition. ■Within 
these operatmg conditions, LmPB and LLDPE did nol: 
exhibit any rui^ure behavior. However, the WPS. film 
bubble ruptured near TUR of 90 at the melt tempera- 
ture of lee'C The operating window for BUR was from 
0.5 to 2.5. This range is all^tly narrower than the 
typicaJ BUR of 3 discussed in the literature (9- 31). FLH 
was adjusted at vaivLSS of lOO, ISO and 250 mm &om 
the suAce of the die. These v^ues are considered liiigb 
for the ste of our flhn-blowing unit, in addition, the 
variation of the air pressure inside the bubble was re- 
corded during the study of the bubble KstablUties fav 
ualng a manometBT mounted on the die. 

Two oonvehtional polyethylenes such as LLDPJS, 
LDPE and a metalloceaaa-catalyzed linear polyethylene 
(IniPE3 wtte selected in order to compare thetr i^ical 
bubble Inalflbiliecs. LDPE is made by radical polymer- 
ization oad is known to possess a certain nuinber of 
long chain branches (LCB) in its main badcbone and 
relatively broad MWT). LLDPE is produced using a 
muia-site Ziegler-Natta (Z-N) catalyst and c^intains a 
certain weight percent of octene as a comonomer. On 
the other hand, LtnPE, produced by using a single-site 
catalyst, lias a nan-ov.' hlWD and homogeneous short 
chain branch distrtbutlon. Tlie molecular parameters 
for the PE's are mfaulatad in Tahfe 2. Gas permeation 
chromatography (QPC) res^jlia in Thhie 3 were supplied 
by The Dow Chemical Co. and the EjCXOKMobll Com- 
pany. The melt indices and densities were deterraiaed 
by the resin suppliers by means of the ASm-79 and 
1683 method, respectively, 

CEWKaCtlSBEIStTICS OF VASlOtSS BUBB&ES 
Most data discuMed here were coUected at melt teni- 
peMtUTE of IfiS'C-lSrC and mass flow rate of 2.0 ± 
0,1 Isg/h unless otherwise stated. It is worth noting 
how important the duration of an experiment is for 
assessing bubble instabiUiy. Although this was mostly 
igaoned in previoue -wofl;. it i* one of the factors 
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LmPe 0,916 
ULtJPE 0.92C 
LOPE 0,923 



when one of the processing oondlttoiw !s varied near a 
cntical pomt vtikoet a stable bubble becomes unsta&le 
or vice veisa. Because small changeB in the opftratlng 
conditions near a critical condition can eaw»e an Im- 
mediate or Hoar response v^ether the bubble is stalite 
or not, great care i* naeded. In this vrtsric, at least 5 
Jtato were aUowed before judglxig the lype of bubble in- 
stability, MeanMrtille, all rcsulte discussed in the msxi 
section were oaliected at conditions away fixun the tran- 
6lttc« region, ari^l the reproducibility has bean vartfled, 

A, Stable Biihble (Control) 

Figures 4a-c show a typical mm bubble response 
recorded using the new eyatcm, These data were ob- 
tained for LDPB at BUR ofl.S, rJR of 42 and FLH of 
180 nun. %uine 4a exhibits the variations of both radii 
as a function of time, The radii almost overlap eacJi 
other, toplylni; that tue bubble is axisyinmetnc. Tils, 
is coKunonfy obserTOi for ft stable bubbte, and the vari- 
ations of both radii are ift the range of s 2.6% of the 
radlu« as calculated by: 

Radius VBiiBtian (AR) "> (R„ - R.) x 100/R. (5) 
where is the experimentally daterniined radius and 

is the set radius, A radius variation of i 2.5% is one 
of the two criteria previously proposed by Laffague et 
al {20] for differentiating various inatabilities based on 
experimentally determined bubble radius. This spe- 
cific criterion was conflrmed again m ttiis study based 
on alJ our data collected for various operating condi- 
tions with different polymers. Figwe 4b displays tlie 
variations of a and d for the same conditiona as those 
of Fig. 4a. The variations of d describing how lar the 
bubble oentea- is away from the die center are within 10 
mm for this polymer and all the other polymers show- 
ing a stable bubble, eoniSmilng the other oiterian pw- 
posed by LaiBiguc et al (20). On the other hand, « re- 
mains within BO', vrfbldi is a typical value for most 
stable bubbles found in this study. TbesKfbre, these 
two critical values, cl = 10mmBnd« = 60*, aking with 
± 2.3% for radius variations and bubble aytnmetiy 
characterized by the radius ratio, wei« adopbscJ as basic 
Criteria for dififenantlatlng various bubble InstablKHes. 
It Is also worth nottnfl that the relative difference be- 
tween the maximum and iBlnlimim a is marc mean- 
togfijl than the abaohite value, stnee tb« initial angle 
Vftlue is aibitrazy. hi addition, it is neceasaiy to pay 
attention to periodic cbanges in a since It 1$ £enei»I|y 
related to the developmerit of certain Instabilities. Al- 
though variations of this antfle can be dramatically 
reduced as the external eooHag rate or WR is de- 
creased, they cannot be avoided because of small per- 
tuibauons cstused by the cooling air. Flgufe 4c shows 



the variations of the pressure inside the bubble along 
with variations of a for a stable LDPE fltai TOder dif- 
ferent conditions {BUR of 1,5, TUR dt 16.6 and PLH 
of 380 araj). The variations of the air pressure inside 
the bubble arc quite small, with an average pressure 
around 26 ±0.4 Pa, and no periodic pattern is ob- 
senusd Meanwhile, the variations of are almost neg- 
ligible in this case, Since a reJatsvely low vahie of TUR 
results In 3. thick film and more resistance to imposed 
perturbations, 

B. Draw ncMmance (DK] 

Altbough the term DR orlgiftates from fiber spinning 
to describe the radius diange of molten fibera along the 
stretching direction (301, sStnilar phenomena have been 
reported far other processes such as cast film, csstru- 
slon coaUng and film blowing (3, 311, This pbenoroeiion 
caiuses thickness variations, as we can imagine easily, 
owing to different ejcpansions in the transverse direc- 
tion )TD), Figure 5a. shows the radius variation and the 
radius ratio as fanctions of time for LDPE whan di&w 
resonance is praivalllng (BUR of 1.0, TUR of 1S.6 arid 
FLH of 100 mm). At given conditions, Oils phenomenon 
has lasted longer than 15 mtn. As expected, the ra- 
dius variation exceeds the crttlMl value of ± 2.5% and 
readies apprmJmately i 2554 with a dear periodic pat- 
tern. Meanwhile, the radius ratio is quite dOSe to imlty, 
Implying that the bubble is still axisymmetric. Figure 
5b shows tlie variations of a and d for the same con- 
ditions as ttjose of f^. So. Although tfee bubble radius 
is changing with a sinusoidal pattern, its canter re- 
mains near the die center, d la leas than 10 nun. and a 
shows small vartatlona within 60° vriflwut periodidtj'. 
This phenomenon has been obsemd for all maierials 
used in this study mattily at relattveily lew BWR near 
or less than LO and sometlmEs al a kiga BUR of 2.0 
for UnFE regardless of the H.H poaltton, conflrming 
previous observations (9-11). The variations of the 
pressure inside the bubble and the radttts values col- 
lected for another time Inteival aie presented in flj^. 6c. 
Bo&i fee prsBSure and bubble radius vaiy periodically 
and to phase, taiplytag that the dynamics of the air 
inside the bubble plays a major role In this type of 
instafailiiy, Hiis Is In acQordance with observations of 
Huang (17). Who used a pressure transducer as a de- 
tecting device for bubble- instability. The variations of 
tilt pressure are quite large for tids ijista35fflty, \vith 
aa sverage pressure of 22. B ± 1.6 Pa. TTie fluctuations 
represent about 7%, compared to 1,6% for a stable 
bubble. Meanwhile, as DR was frequently combined 
wjtu FLH instablliiy as ilhistrated (n mg. lb, it was 
sometimes difficult to observe the two phenomena 
separately. 
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iSO mm. BVH » 1 S, TVft = 42); a) tadlua i/artatiane, b) txaia- 
ffons qf e<xentiiiMy and rofatfon cwyiie, <^ vnuiatums qj^prvs- 
swnp iisiiis the bubirie amf rcKflus m(ii> funtMns offtme /RH 
<• iSO mm. J3tJR - TOR = jaej. 



This phenomenon has beeii obscrviid for LDPE and 
LLDPS; at relatively large values of BUR (hlgliw than 
1,5} but not far LinPE regardless of the FLH posi- 
tion. When this phenomenon wa& observed the bub- 
ble at a poMClon higher than thct air ring was periodi- 
cally Totattog. Fj^ire 6a sha^s^s a and the radius varia- 
tion as functions of time for LLDPE sliowln^g heltcoldal 
Instabilliy [BUR of 2.0, TUR of 30.5 and FLH Of ISO 
mm). In this cass, & exMbits perioaio changes in the 
range of 0* to 360", implying that the bubbte is rotat- 
ing, while the radius variation is still vrtthm ±3.3%. 
flQure 6b shows the varlatloM of the eccentrlciiy id] 
and radius ratio with time for the same eondJtlona 
ae in J*"^. 6a. As expected, d also shows deviations 
from that of a stable bubble and the variations are 
random. Howewer, the laifius ratio la dose to uniiy with 
small pertvirfaatlons, topli«n2 that the bubble is stffl 



soasymmetrlc. The pressure inalde the bubble (data 
not shown) fluctuated arou»d an average value of 
S3.1 ± 4,7 Pa, showing a Btandard defrtatfoa of aimmd 
15%, which cotild not be correlated well with my other 
parameter. On the other hand, It Should be noted that 
this typical behavior could be obscrrable only at mod- 
erate conditions In temis of TUH. and BUR Ajiy diange 
of the operating conditions In this enviromnet\t could 
cause catastrophic changes til the bubble shape and 
evExitually provoise the bi-ibble eoUapse. It has been re- 
ported that this helical tastahllify i& associated with 
improper setap rfthe air ring ft2). However, in owr case, 
no attempt was made to adjust the air ring in Order to 
evaluate the elTeets of the heilicoldal instaMlfy. 

tbn EIH tnstaljliity can be oharaoterteed by changes 
of the FLH position with time, and It is frequently 
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Fig. S. Typical resporisw fir draw n 
LDPB (FUi " 100 mm, BUR = 1,0, IVR = 18.$); 
OJ radium uartaikirts and radiLts ratio, b) vaiatlans 
(jf eccentrieHy and rotation angle, cl iiarintlani df 
pressure ins&ie the bubble ond rodSuA as /una- 

SeitS QftjTW. 



observed when the position of FLH Is a Httte higlier 
than that the air ring. It was quite difficult to ob- 
serve the FtK tastabOlty for a FLH of 100 mni in this 
study. For a FLH of 2S0 rmn, SUB. of 2.2 and TUR of 
IS.6, Fig. 7a shows how ci and a respond to the FLH 
instability observed for LmPE. As seen in the figure, 
the values of d and a fSuctXiate around critical values 
of 10 mm md 60°. respecth'ely, randomly at the hsgta- 
ning aad thea periodically near 1 120-1200 6. Tfwn, at 
longer times, the motion becomes nuidom. end eventu- 
aJly the bubble touches the air ting at 1230 a and col- 
lapses. During the same ttoe, I3ae radfus variation and 
the radius railo reported to 7b change randomly, 
meaning that the shape of the bubble is not syraroetric 
azy more. F^pjre 7c shijtws the eorr^pondsng variation 



of the pressure inside the bubble. A periodic pattern 
ftppeara at the begtoitiag with a long pesrlodldly of 40 s 
and then penodloliy la bat Near 1230 s, the pressure 
drops euddenly because of the bubble collapse. The av- 
emge lajessure inside the bubble is around 41,6 * 3,2 
Pa aad the standaid devlatien etf 7.63% is quite dose 
to that obtained in draw resonance, Tberdbie^ the use 
of a Bingle pressure transducer does not aDow ua to 
distinguish between FLH instability and draw reso- 
mnce, 

The typical PLH instability described above was also 
observed for IXDPE at krge BUR value* of 2 and 2.5, 
and high posttltms of FLH but not for IJ>PE. Contrary 
to the description made by Mfnoshima and White aO), 
all parainetes vaiy randomly with time or sometimes 
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periodically. This can be easily 'jiidErstooti Wang Into 
account tlie swirling moOon of air trappud inside the 
bubble, aifected by local cooling effect at the inner 
and outer surfaces of the bubble. Furthermore, peri- 
odic patterns were observable only at tbe begitining 
of this inatsbfllty sinci the bubble couid not hold Its 
shape far a long time, owing to drastic idxanges of FLH. 
Despite the lack of knowledge on the origin of this 
phenomenon, heterogeneous cooling effects, unstabte 
aerodynamics inside the bubble and aoaunlfown cxys- 
tallizatioa behavior of given polymttr melt seem to be 
responsible for this phenomenon. Ftirthcr Sttt^ Is 
needed to understand how FLfi instabllrty develops 
and elucidate the liauees. 

E. AdtfltioBid Obs«rvaMfms 

An aridlti£<nal bubble inatabdllty has been observed 
for all the pbtsroers used In iWs study at Gw veiy anaD 
TUR of 6 and large BUR bf 1,8-2.0. Its schematic 



representation is simna to F^. 8, and oonttspondttijj 
responses from the new ^stem ans shown in 9. 
While most prevSoua inatabilltlea are (Ctasost fjannjat- 
rlc In thtir shape except a strong FLH instabJIlly, ft is 
not the case for this fiwtaWaty, as shown in to 
The Twtetlon of l3ie bubble shape wnJi time Js quite dif- 
ferent depending on the viewpoint of liie oqperimenter 
{Fig. $). Thus, -vlsufti inspection msgr result in a mia- 
leadtogjudgment. When this phenomfinon is observed, 
the initial FSUa remains unchanged, wiiereas all pa- 
rameters eihow deviations from those of a stable bub- 
We, However, as time evolves, the FLH moves slowly 
up and down wijjle d and a deviate from those of a sta- 
ble bubble as shown m Fig. 9b. Uie deviations become 
largpr and laxgsr, and sv'^ntuaJly the bubble touches 
the air rtng and collapses. The reason for this behav- 
ior in not yet understood. However, we brieve 12iat this 
oxl^naies from a nonunlSami thickness profile e»upled 
with a nonunlfbim cooling rate around the air ring. 
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Fig. e. SehflfflflUe oietos t^admmA jHibbto tiatabOanJi-om tu» different fotms cifvtew. 



It is worth notsii^ that although all psamneters deviate 
from those of a stable bubble in the case af FLH In- 
staljllity. all the variations are periodic, tmBke those of 

FLH mstaWllty. 



Based on ite ctiacai values for four parameters de- 
scribed In the previous section, we propose the criteria 
for dlffarentiatlng the vai-Iows bubble instabilities as 
shown in Table 3. Since the fow parameters can be 
directly obtained from the In-line mcaeyrement and 
evaluated through E15S 2-5, each bubble instability 
can be c±iaracterized by a cnmbimtion of these four 
parawetera, with their degree of vaxiatltai denoted by 
tcTO symbote. 'O" and "Kr Use symbol 'O" means that 
the parameter is sensittve to a given SnetabDliy. For 
exampk. the four paraojetsra can he described as "O" 
in the folIowiKig cases: 1) the relatJs* dlffiKcence bc» 
tween the maximum and miatenum a ia greater than 
eo' with, pertodiolty. 2) the value of d is larger than 10 
mm, 3) the nadlus variation IB Isirger than ± 3.5%, ajid 
4] the radius ratio deviates from the unity and shows 
periodic changes. AH the other cases can he expressed 
by the use of "X." Thus, a cambtnation of all parameters 
should be all "X" for a stable bubble, which shows no 
change In all four paraSBieters, DR. can be Chaiacter- 
ized by radius variations only as expected. Tlhiese cri- 
teria have been thoroughly evaluated by using three 
polymens under various oondltlona. The reprodtiCibn* 
ity of the results ims elso been verified. 

KBSWCS ANB DISCUSSKW 



One of tlie advsmtftges of the new to-llne b( 
camera systMa is that It can gtvp vejy valuable mfor- 
raatlon for the tcansltlon between enable and uxistable 



zones. This kind of laformation 1$ not available in the 
literature. Therefore, we present some exaniples on how 
this eyetem can capture the dynamics of an unstable 
bubble when it transits from unstable to stable, and 

A. Evolution of Draw Riisofnanai at Low BUR 

Figure 10 shows an ewahifSon of diaVv lewusijce as 
a fjnctlon of TUR for LmPE- Intaally. the bubble was 
unstable, showing DH for the given processing condi- 
tions (BUR of 0.9. FLH of leO mm. TTJR of 6.S). Tlien, 
TUR was increased from S.S to 34.1 by steps of 12 and 
allowing a certain time intet'val In order to obtain a 
pseudo steady-state response of the bubble. As TUR 
increases, the radius variation la drastically i-educed. 
initially, the radius vailatlon le A 45%, but it decreases 
to ± 15% at TUR of 42.3, and eventually it appfOftchesi 
X 2.3% when TUR IS further Increased to S4, 1, which 
meets ooe of the ottem for a stable bubble. Althou^ 
TitA presented here because of space considerations, 
the variations of the other parametera such as d and 
a are within the limits for a. stable bubble. The an^jll- 
tude and periodldtj', denoted as X ta the Fig. la, are 
shammFig.ll fbrthtsDR-TheamphtudeofDRwas 
calculated sitnpV 1:^ subtracting the set kkUus &om 
the maximum radius att Hie gfvein TOS, One interesttnfi 
obsejvatJon la that as TUR taopeast^, the amplitude 
decreases to zero, which meana that the bubble be- 
comes stahle. Ttus padodlclty tnlttali r decreases and 
then approaches a plateau dlfierent from aero. Uiis le, 
m *9et, a quite dtfiFercnt behavior ccmpared to that of 
DR in fiber oplnnlng, where the amplitude of the radium 
variadonB increases as TUR Increases beyond a critical 
value and tlien the fiber ruptures. Furihennore, E>R in 
film bUjwlng was frequently observed for a BUR of 1 , 0 or 
little larger value wdters the defonnataon ISnematlcs is 
ncft uoiaxsal but ^danar or nonimllhnn biaxial, toplying 
that the ortgSn of this phenomenon le not the same. 
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B, St)o1xj±lon qfBelicDidcd Instability for Larae BUR 

FiQure 12 shows an evolution of the hellcoldal insXh- 
bMy for dilTerent values of TUR to liie case of IXDPE, 
Initially, £h« bubWe is stable imcfsr the given process- 
ing condmons CBUR of 2.0, FLH af 18Q mm and TUR 
of 42.3), Then. TUR is decreased &om 42.3 to 1S.6 In 
steps of 12, While changing TUR, enough tlnie was al- 
lowed uatll the response of the bubble was idmost til- 
dependent of time, and a l^plcal pattern was achfasved, 
As TUR decrenses from 42.3 to 30.5 a& shown i» the 
figure, tbsi mdlus vailation mslntalned vidthln ± %S%, 
but a starts to osdllaie betimn 60" and ISOf, Jn>p)ytT>£ 
that the bubble la rotating. F&?ure 13 reports thu radi- 
us ratio and A a* functions of time for vaxtous TUR 
TJDder the smoe conditions as for P^. IX Whan TUR 
deiireasee Erem 42.3 to 3Q.6, tbe hdlcotdal lnstabil% 
appears. Ihe 8b&s>t of bubble renoalns asteymmetrlc; 
bavwet, the center of the bubble is moving away from 
the ae tMatw. For cstaiaple, d is sayaXkse than 10 mm 
when TUR U 42.3. but as TUR decreases from 43-3 to 
30.5 It starts to grow htyond the critltaJ vahis of 10 
ram, Further decreases of TUR fiota 3Q.6 to 24.5- and 



to 18.e result In larger devlatlcms of d as as small 
oscmatlous in the radius ratio, tojplytng that the Shape 
of the bubble Is getting worse. Evsntually, the bubble 
collapses because of contact with a section of the fltai 
blowing unit 

duaBtlflcatiaa or Stable Region 
iu Babble StKbiUty Alttp 

Tht other Issue to be resolved tn a bubble InsttfaJlKy 
study is how we can quantify the stable region in the 
bubble stabfllty map In order to iwftluate the perfor- 
mance of different polymeia. White et al (9-11) used 
a plot of thielcness reduction of fllm us. BUK, How- 
ever, up to WW there has been no soUd method con' 
sideriag all effects of process conditions, Pleidlng et cd, 
(15) and Micic $t ol (16) recently proposed that the 
percent eorea Of the stsAle zone wSfljJn the whole -work- 
ing window could be used u a tool. AMbough this Idea 
(s good, then- basis for selecting the working window 
is not dear enoujgh. For tbJs sstudy we adopted tlieir 
metiiodologyr and defined the wodsing window a$ fol- 
lows. Considertog hardware limitations of our fllm unit 
In terms of maalmum achievable TUR and BUR, a 
vimrklng window of TUR was selected from 6 to 90, 
The lowear limit of TUR comes from the Icwcst speed of 
the njp Tons and the upper htcdt of TUR corresponas to 
the critical vahie where LDPE film ruptures, "nie XOTge 
of BUR was selected between 0.5 and 2.S. At BUR 
lower then 0.5 it was dlfflcvilt to produce a cylindrical 
bubble hecauae of the low pressure inside the bubble, 
the upper liinit of BUR was Imposed by the tir ring we 
ussed for the study since tliere was not enough space 
bctw«en the bubble outer radhis and the lower Hp of 





i IncieaseofTUR 
















- :V 
















ll'.'r" 










30.5 


42.3 


54.1 




^ 18.6 ^ 


m 


m m m 


SOD 




7913 



Time (5.) 

f%r. Ja Bwimm ^ draiu teionance as a^unetfin (^WR o/Linpa (Pm = 100nvn,Bm-> 0.9.Q' S.0± Q.l far/Ji, = IBS'CJ 
POLYMER SNiSINEERINSANO SGtENCE, PmRUARY SO04. Vol. 44, So. 2 ,65 



Seungoh Kim. Yunlt Fang. Pierre G. Lqflew, md Pierre J. Canvau 




Sig.n, VarimimsqfcmiplihMeandperUaiBttyfirdrcw 

the air ring, especially at FLH of 100 mm. However, 
much laiger'tfiiKstes havtog BUR larger than 3 were 
produced at other FJJi'o, 

Based on the proposed cwtma wtWta these operat. 
tag windows, buhble atabliUy maps wttc constructed 
for LDPE, LLDPB ajjd LmS© at three FLH positiono. 
PiSWVi 14 ami 25 show the bubble stability map at 



biFlg-lO. 



FtH of 180 mm for LDPE and LLDPE, respectively. 
Various bubble fnstatilUtles discussed in the previous 
section ware designated ae symbols in the working wtn- 
flows, and a guideline fbr bubble rupture was placed 
9t the Wgh TUR region ibr liDPE to Fig. 14 but not for 
UJDPE. In addlHoa. a critical trEoisttlon zone where 
the stable bubble becomes unstable or vice versa as a 
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s/unntoos o/TUR under heUcotOal InstabOSiti <ifIlDPS.M wmlflions m 



result of changes of one oi th« operaimg conditians 
was fxjvind. Interestingly, the shape of the transition 
zone iB in accurdance \.vith that predicted by Yew (2S) 
for a Newtonian fluid, based on me exp«ixa«it$J gb- 

SHVations of White et al (9-11) for vajlonF nnlwIJiyl- 
enea, Pl^ttfeiSsbows anotl-ier example of bubble sta- 
blllly. Bwp of LLDFE at FLH of 250 rnm. Ihe stable zone 



at FIH of 250 mm is much nairower than that con- 
structed at FLH of ISO mm (Pte. IS), Implying that a 
more efftclent cooling effect strongly stabllizac the 
LLDPE bubble. For quaxitilicatlon of the stable region, 
Y^t gsaeratsd srsaK meshss in. tho tnap and calculated 
the shaded area, contsspoading to the stable region 
over ail the 3re& sunrounded by two Itoilts, l.e.. TOR of 
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0 to 90 and BUR of 0 to 2.5, as shown in Fig. 17 for 
UnPZ for the same condfttonB as to Ffg. J6. FiswelS 
reports <toe stabiltty order for tihree polymcre as a func- 
tion of FLH. M expexsbed, LDFQ shows the most stable 



regloti y^thln this working window, eoraannlng the 
previous observations fcr LDPE aO-151, Howeua--. lis 
steWe regime increases at SIH increases, contxajy to 
poiwious obserwattons {7, 9). LLDPE shows a maaaoown 
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Stable r^on at FLH of IBO ram, implyjag that there ts 
an optimum FLH fer exhibiting the bfvt stable n^glon, 
as predicted iiy the stabilliy anaiyals of Yoon and Paik 
(28). FimUt;;, lUxtFE is the most unstable polyethylene, 
and its stafaiUiy decreasea ad FIH tncreases. 



A Effect of Mass Flow Rale on Bubble SteM% Map 

Figure 13 shows flic bubble stabilily map of LbPE 
for a mass flow rate of 4.8 kg/h with melt tempeia- 
twre of laS'C at a FLH of 350 mm. Althou^Ji the ex- 
truder screw speed was varied to increase the mass 
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.Fig. 1 S. BuhMe stability map <if LDPB as Junctions (tfBUR ond K«. (OH - iSO rnn, fi = * a J Ay/ft, 3U « JSS*CJ 



2.0 to 4.5 Itg/h. the genera! tr<and of bubWe instabil- 
ity map was almost the sarae. Le., the vaiious bubble 
JnstabJMt!es observed for a mass flow rate of 5,.0 kg/h 
were observed at the same tooation in the map for 
the larger maas flow rate. However, the maximum 



nchlevabJe TUR is decKased to 66 fcr 4.6 feg/h, to 38 
for e.47 kg/h, respectivdbir, (wing to an incieasc of the 
melt velocity at the die estJt. %ure 20 reports the ef- 
fect of the masfi flaw xate on the bubble stabliify map 
for LDPE. The borderline that separates the etabie 
and unstable regions at email BUR moves diMhcaJ?/ 
to the rtgh^ whereas fear BUR larger than 1 It iwjwlns 




fiUR 

m- 20. Sammiy t^bubbhs stabmy mop qfUPfS as aJUnetlon f^rmss Jlaw rati?, (PW = sso mm,T^ = ISS'CJ 
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about the same. This shift of the borderline to the 
ti^t at small BUR seems to he related to bad cooMng 
efficiency of air ring used for this atudy, since no ad- 
justment was made to enhance its capabfllly, In fact, 
It was aimost Impossible to make a mm bubble even 
new BUR of 1.0 wJfli a mass flow rate of 6.47 kg/h 
and under maximum cooling rats. vAiere the film bub- 
ble couM be macie easSly at lower mass flow rates with 
moderate cooling mtea, Wfe atfcas. howevier, that the 
use of BUK of 1 or less has no practica] interest for the 
fllm WoMng process. 

B. BJTectQfMeUTWipenmreonBid)bleSiiid}iIityMap 
Two additioml melt tempeaatures were selected for 
this evaluation. The temj^emture proiUte of the extruder 
and th« die v.^ dian^td in order to obtain melt tetn- 
peratur^ of 204*C and SiS'C wifli a mass flow rste 
of 2.0 Icg/h and a FLH of 350 ma,. Figwe SI show* 
the lypical Inibbte stablllly map far IDPE at a tonper- 
fttirns of awe, Although melt tarapexabji* is increased 
by alniost 20'C> the whole trend in tJie bubble stabiUty 
map stiU rewwtcKi the sama as obtained for thft lower 
tempenRtwrft. However, the faowlerlinc between the sta- 
Wa and unstable regions i£ moved upward when the 
temperattire is taoreased (compaitt Figs. J 4 and 21), 
This trend can be seen clearfy^ In Pig, 22, which re- 
ports <jie effect of the tnelt temperatwre on the bubble 
stafillliy map for LDPE, The whole borderline shifts 
upward as the melt temperature increases from 185*0 
to 2 IS^C. The rupture behavior obaerved for the LDPE 
molten ffiio at ISS'C was not observed within the at- 
perlmentally attsinable TVR when the temperatute 



waa increased Cx) 204"C and 218"^. It la possible to 
conclude that decxeaalng the inelt ten^ierfttuie $ta.bi- 
ilzes the bubble, eonfttrnlng the observations of Hssn 



Hie pe*foni»noe of a new in-line sl ^ 

system developed for ttoe stuiJy of bubble instabilities 
in fOm blowing was critically evaluateei by using 
IDPEv LU3PE and LmPE. Objective olttsrta for dtffer- 
eatlating the vartoua unstable bubbles axe proposed 
based on four parameters, which can be directly de- 
tatmlned by using the new device. It was shown that 
this aew system could quantitatively capture the dy- 
namlCB of unstable bubbles. It was also found that 
the amplitude and periodicity of the radius variaaons 
during draw resonance for LmPE decreased as TUR 
Ineteased at a constant FLH and BUR, tmplying tliat 
tiw origin of draw nsoiiance to dm blowing k not the 
same phenonaenon as obsawed in fiber spinning. Hell- 
coldal tnstatellly anc! eccentritpity decreased as TUR 
Increased. However, the bubble could not be stabiteed 
as expected. A graphical quantJflcaHon approach has 
been proposed to determine the stable zone in the 
bubble stablUty map. The order of bubble instabilily 
can bo detennliied based on the total percent ar-ea in 
BUR and TUR diagrams as a function of fih. the 
wdcr of bubble stability for the polymers used for this 
study is LDPE > LLDPE > UxiPE. Lowering FLH eta- 
blllzed the bubble for JUnPEa, and It was found for 
UDPK that tibere was an e»ptsm«m FLH thai showed 
the roost stable regions. lUe new in-line jiystem along 
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wiOn ottier tools {Le„ pressure tnslde bubble, la&sieJ 
thermometry) is euffljested Sar luivestlgatlng the txrigiii 
of bubble instabjlify, 
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Blown film exlaniaiim. 



$.1.1. BlcmPUm 

The blown or iuimkr film process provides a low coat method for preductkra. of thin fllmB (Kg, 8). In this 
process, the hot melt Is eactruded through an annular otrculM die either upward or downward and, les!5 
frequently, horizontally. The tube is inflated with air to a diameter detwrrained by the dssired film properties 
and by practical handHng consideratioifta. This may vsiy from as amaU as a oeatiniftter to over a meter in 
diameter, ■ 



Ab the hot aielt emerges from the die, the tube is expanded by air to two <w three times its diameter. At the 
same time, the cooled air chills the web to a solid state. The degree of Mowiag or stretch deterunines the balanco 
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18 PILM AND SHEETING MATERIALS 

and level tenaile and impact propertiM. 'SHiB point of air impmgemetit the v^odty and temperature of 
the air must all be controlled to give the opfaaum physical properties to the film. With some polvmers an 
mternal air cooling ring is used as well, to order to increase throughput rates and optical quality. Rapid woW 
IS esaentiaUoadiieve the ci7siaJlme3trudMren(wess3ry to give clear, glossy films 

The filiti tube is collapsed -within a V-sMped frame of roUers and is nipped at the end of the frame to trap 
the air wxthan the bubbk. The nip rolls al^o dr«w tha film a^-ay W th, die. The draw rate is controZt 
balwce the physical propexties with the transverse properties achieved by the blow draw ratia The tube may 
be wound as such or may be slit and wound as a aingle-fifa layer onto one or more rolla. The tube may also 
be directly processed mto bags. The blown iilm method is usd principally to produce polyijthylene film. It }m 
occaajonaJIy ceen used for polypropylene, poly{ethylene terephthakte), vinyls, nylon, and other polymers 

Downward extrusion of a bubble into a water bath and over an inner water-cooled mandrel is used" in a 
few instances fcr polypropylene and polyesters. The water is removed prior to slitting and winding 

The.dfluble-bubble process jnay be used to produce biaxially oriented film, primarily polypropylene In 
this process the first bubble fbrwation is similar to the conventional blown film, except tiiat the bubble is not 
collapsed. Rather it is reheated to the orientation temperature aad blown and drawn further in a secoad stage 
Kis thsn collapsed, slit, and wowruj. This process ia genfirally liinited to a final film thiolmess of less ihan24 

3.1 Jl, Cotxtrusioa 

An increasingly popular technique to produce tailored fijm or sheet products is to coextrude one or xaore polymer 
types m two or more layers of melt (6). In this &ahion the benefits of specific polymer types or formulations 
may be combined. Thus high coat barrier resins may be combined ^vith a low cost thicker layer of standard 
resuj to achieve aa optimum barrier film at lower cost. Thin sHp-control layers may be used on the surface of 
a bulk layer of optically cleajr resin to obtain an aesthetic film with good handleability. Lower melting outer 
layers may be used t» provide heat seallag for polymers that seal with difficulty by themselves. 

The layers of the different polymers or resina may be combined in one erf two ways, One is to use a 
eombininB block prior to the slot extruBion die. Parallsl openings within the block are fed from two or more 
extruders, one for each resin. Ttie toelts flow in laminar fashioa through the die and onto the quench dmm. The 
film is processed conventionally or may tben be oriented. Careful oor-trol of resin viscosity must be obtained to 
provide smooth flow, and the resins must be compatiblts in order to bond together properly. The second method 
usee a multinianifold die to bring the melt streams together witliin the die, Tliis allows use of resine with a 
wider difference in viscosity since fewer changes in flow patterns are necessary. Multimanifold dies may be fiat 
or tubular. The most common types of ooijxtrusion are AB, ABA, or ABC where A is one polymer system, B is 
another (of the same polymer type or different), and C is a third polymer type. CeextruBions of many, many 
layers lead to film products with a pearlescent appearance. Where two polymers .may not adhere sufScieatJy 
it is possible to extrude a tie or adhesive layer in tlie eo^iausion. lonomer resins are often used as suck tie 
layers. 

The process can be used to recover scrap or low quality resins by using tlism as the core layer, and using 
outer layers of virgin resins designed for as specific functional needs of the product such as slip or gloss and 
appearance. The inner core may be a foamed resin with surface layers of auiierior finish resins. Coextruded 
fflms often eliminate the need for costiiy lamination procesees, .' 



Calendermg 

Calendering is the process whereby a polymer is heated on hot rolls aad squeeaed between two or more parallel 
rolls into a thin web or sheet (Fig, 4) (S). The polymer is blended and masticated in preliminary operations and 
tfien fed to a rolling nip between hot, temperature-eontrolled rolls, The polymer mass is worked further in the 
nip aad fiowa out to a uniform sheet as it passes through the nip. The web is nipped again and drawn down 
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